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I determined abundance, movement and activity patterns of the Red-tailed Hawk
(Buteo jamaicensis jamaicensis, RTHA) in Río Abajo Forest, Puerto Rico and
surrounding lands during 2003-2004. Captive-reared Puerto Rican Parrots (Amazona
vittata, PRPA) are scheduled for release in Rio Abajo Forest in 2006. Annual density of
RTHAs (0.90 RTHAs/km2) was similar to the Caribbean National Forest (CNF; 1.29
RTHAs/ km2). RTHAs annual survival was high (0.89), and birds maintained
compressed territories around the Rio Abajo Forest. Home ranges were 91% smaller than
estimates reported for CNF, yet similar to those in North America. Approximately 98.3%
of RTHA locations occurred outside the Río Abajo Forest boundaries. RTHAs exhibited
random macrohabitat use patterns in north-central Puerto Rico. However, within their
home ranges, RTHAs selected fragmented habitats with high patch and edge density, and
avoided large tracts of dense closed canopy forest. Encounters between RTHAs and
PRPAs may increase as parrots venture beyond the boundaries of Rio Abajo Forest.
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CHAPTER I
INTRODUCTION
The Red-tailed Hawk (Buteo jamaicensis, RTHA) is the second largest and most
widely distributed hawk in the genus Buteo (Ballam 1984, Janes 1984). The species
occupies a wide range of habitats from west-central and southeast Alaska south to
Panama and east to the Caribbean. It is highly variable across this range, with more than
16 recognized subspecies (Preston and Beane 1993). Puerto Rico is at the southeastern
extent of the RTHA’s range, where the Caribbean subspecies Buteo jamaicensis
jamaicensis occurs (Nimitz 2005). The RTHA is one of the best-studied species of
raptors in temperate North America (Ballam 1984, Janes 1984). However, little is known
about the ecology of tropical RTHA populations (Santana and Temple 1988).
The Red-tailed Hawk is the most abundant resident hawk of Puerto Rico (RiveraMilán 1995). In Puerto Rico RTHAs are non-migratory and defend their territories year
round. Other raptor species of Puerto Rico include; the endangered Puerto Rican Broadwinged Hawk (Buteo platypterus brunnescens, BWHA), the endangered Puerto Rican
Sharp-shinned Hawk (Accipiter striatus venator, SSHA), the Puerto Rican Screech Owl
(Otus nudipes), Short-eared Owl (Asio flammeus), American Kestrel (Falco sparverius),
and Turkey Vulture (Cathartes aura). Migratory raptors wintering in Puerto Rico and
adjacent islands include Osprey (Pandion haliaetus), Peregrine Falcon (Falco

-1-

-2peregrinus), and Merlin (Falco columbarius). Santana and Temple (1988) reported the
breeding season in Puerto Rico extended from November to August, and lasted longer
than reported for other RTHA populations in North America. Recent studies conducted
in eastern Puerto Rico reported nesting from January through June (Nimitz 2005). Clutch
size, incubation and nestling periods are similar to those reported for continental North
America. The egg-laying period in Puerto Rico extends from November to May (PérezRivera and Cotté-Santana 1977, Santana and Temple 1988). The incubation period
averaged 35 days and coincides with the dry season. Nestlings fledge at 45-49 days,
coinciding with peak numbers of many prey species and the beginning of the rainy season
(Santana and Temple 1988). Juvenile hawks exhibit a post-fledgling dependency period
where they remain on their parent’s territory for approximately 75 days after fledging
(Santana and Temple 1988).
While common and abundant, little is known on the ecology of the RTHA in
Puerto Rico. They are observed commonly in the interior forests of the island, as well as
on the coastal plains. In North America RTHAs are associated typically with a variety of
habitats, from closed to open areas interspersed with woodland. However, in Puerto Rico
RTHAs have been sighted in all 6 ecological zones of the island and are common in
dense forest areas (Santana and Temple 1988). The Puerto Rican subspecies is smaller
than the North American counterpart (Santana et al. 1986). RTHAs studied in
northeastern Puerto Rico weighed approximately 225g less than the North American
subspecies, with males averaging 775g and females averaging 974g (Nimitz 2005).
Average wingspan of Puerto Rican RTHAs was 107 cm, about 20 cm less than North

-3America conspecifics (Johnsgard 1990, Santana and Temple 1988). Populations in
mainland portions of their range are morphologically adapted to hunting in open and
heterogeneous areas compared to heavily forested areas (Janes 1985). In temperate zones
RTHAs hunt most often from elevated perches (Janes 1985, Snyder et al. 1987, Snyder
and Snyder 1991). However, in Puerto Rico RTHAs have been documented frequently
hunting on the wing, as well as from elevated perches in closed canopy forests (Santana
and Temple 1988). The diet of RTHAs in Puerto Rico consists principally of rats (Rattus
rattus, R. norvegicus), pigeons (Columba squamosa, Columba livia), doves (Zenaida
aurita), domestic chickens (Gallus gallus), reptiles (Anolis spp., Amieva spp., Alsophis
spp., Epicrates inornatus), amphibians (Eleutherodactylus spp.), giant centipedes
(Scolopendra alternans) other arthropods and sometimes carrion (Santana and Temple
1988, Lindsey et al. 1991).
Densities of RTHA in rain and moist forests of eastern Puerto Rico are greater
than those reported for temperate zones (Santana and Temple 1988). Puerto Rican
RTHAs may be able to maintain compressed territories and high densities due to reduced
interspecific competition brought about by insular ecological release, allowing them to
exploit an increased number of ecological zones (MacArthur and Wilson 1967, Santana
and Temple 1988). In the Luquillo mountains, RTHA densities were among the greatest
recorded for this species; approximately 0.70 pairs/km2 (Santana and Temple 1988,
Snyder et al. 1987). More recently, Nimitz (2005) documented a RTHA density of 1.29
RTHAs/ km2 in this region. In the Caribbean National Forest (CNF), RTHAs appear to

-4have achieved record high breeding densities and are known to depredate the highly
endangered Puerto Rican Parrot (Amazona vittata, PRPA; Snyder et al.1987, Santana and
Temple 1988, Boal et al. 2003).
Formerly abundant over the entire island of Puerto Rico, the PRPA is now
considered one of the ten most endangered birds in the world (USFWS 1999). By 1940,
a parrot population of approximately 2,000 birds (Rodriguez-Vidal 1959) occupied CNF
and adjacent lands. To date, the CNF wild parrot population is estimated at 30-35
individuals (White et al. 2005). Additionally, there are two captive populations in
separate aviaries, located in CNF and the Río Abajo Forest in north-central Puerto Rico
with 59 and 100 parrots, respectively. Recent hurricanes (e.g., Hugo-1989, Georges1998) have reduced the number of parrots in the wild (Vilella and García 1995). Wilson
et al. (1994) reported the wild population declined by 40% after hurricane Hugo. Also,
hurricanes can cause significant loss of available sites to cavity nesters (Engstrom and
Evans 1990).
Predation by the RTHA has been identified as a major mortality factor for wild
juveniles and released parrots (Snyder et al. 1987, White et al. 2000). In CNF, RTHAs
can be observed regularly within valleys used by parrots for feeding and nesting.
Lindsey et al. (1991) documented hawk predation on juvenile parrots and attacks on
flocking parrots. From 1979 to 1988, 73 parrots were added to the wild population;
however, the population increased by only 11 birds (Lindsey et al. 1994). Since 2000,
parrots of 1-4 yrs in age have been selected from the two captive populations in Puerto
Rico and released in CNF. Survival of released parrots was estimated at about 41%, and

-5approximately 38% of released parrots died within 3 months of release. RTHA predation
accounted for most parrot mortalities (White et al. 2005). Furthermore, during the 2004
breeding season, 50% of wild juvenile parrots were killed by RTHAs (White et al. 2005).
Predation of parrots by RTHAs may limit recovery of the species (Lindsey et al. 1991,
Snyder et al. 1987), and compromise the benefits accrued from releases of captive-reared
parrots. Because of the vulnerability to extinction from natural and climatic threats,
establishing a second wild PRPA population is a critical and essential element to ensure a
successful recovery of this endangered species (U.S. Fish and Wildlife Service 1982,
1999, Snyder et al. 1987 Wiley et al. 1992, Wunderle 1996, White et al. 2005).
Current information suggests the most promising area for a successful
establishment of a second parrot wild population is the karst forest region of north-central
Puerto Rico (Snyder et al. 1987, Wunderle 1996, USFWS 1999). The karst region of
Puerto Rico was the last known occupied area outside CNF where parrots were abundant
(Snyder et al. 1987). Approximately 2,340 ha of karst forests surround the Río Abajo
Aviary. This area is under protection by the Puerto Rico Department of Natural and
Environmental Resources (DNER). The karst region is drier than CNF, and is currently
the largest tract of contiguously forested habitat on the island (Chinea 1980, Snyder et al.
1987). This region is known to contain suitable parrot habitat and abundant parrot food
sources (Chinea 1980, Cardona et al. 1986). Available data indicate raptor and pearlyeyed thrasher densities are less in the karst region than CNF (Rivera-Milán 1995, Collazo
and Groom 2000). However, Red-tailed Hawks have not been studied in detail in the
moist karst forests proposed for reintroduction of the PRPA.

-6Reintroductions should be made in areas with some degree of protection, or at
least, the initial causes for the population decline should be addressed in the release area
(Caughley and Sinclair 1994). However, little reliable information exists on dispersal,
movements or population estimates of RTHAs in the karst region. Furthermore, because
the effects of predators on their prey are greatly influenced by landscape structure
(Schneider 2001), the information on RTHAs habitat use, landscape composition and
activity patterns in the north-central karst region of Puerto Rico is important to
understand the ecology of this predator and its potential effects on parrot reintroduction
efforts.
In this study I tested the following biological hypothesis: Spatial dynamics,
abundance and distribution of RTHA’s will depend on available habitats of the moist
karst forests landscape and on site-specific differences in habitat structure.
The objectives of my study were to:
1. Determine RTHA abundance and distribution patterns in moist karst forests;
2. Determine RTHA home range size, movement and activity patterns in moist
karst forests;
3. Determine RTHA habitat use at multiple spatial scales (i.e., Johnson’s 2nd and
3rd order selection) in moist karst forests;
4. Developed landscape-suitability model of RTHA habitat use in moist karst
forests of north-central Puerto Rico identified for PRPA reintroduction;
5. Provide conservation and management recommendations on the role of the
RTHA as a possible limiting factor for successful reintroduction of the PRPA.
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CHAPTER II
STUDY SITE
Puerto Rico is the smallest and easternmost island of the Greater Antilles (18°35’
N 65°37’W; Figure 2.1). It consists of the main island of Puerto Rico, the satellite
islands of Culebra, Vieques and Mona, and is surrounded by numerous small islands and
cays. The main island measures 178 km long and 58 km wide, with an area of 8,900 km2.
The three principal geographic regions of Puerto Rico are the montane-volcanic region of
the Cordillera Central, a discontinuous fringe of mostly flat coastal plain and the rugged
limestone or karst region occurring across the northern part of the island (Monroe 1976).
Puerto Rico includes 6 ecological life zones (Ewel and Whitmore 1973); the three major
life zones have been classified as subtropical dry, subtropical moist, and subtropical wet,
comprising approximately 98% of the total land area (Rivera-Milán 1992). Forest covers
approximately 3400 km2 of Puerto Rico and is dominated by mature secondary forests
(Ewel and Whitmore 1973). About 41.6% of the island is classified as closed canopy
forest (Helmer et al. 2002).
I studied RTHAs in Río Abajo Forest and surrounding areas (total area 5,265.5
ha) within the moist limestone forest region of north-central Puerto Rico between May
2003 and September 2004 (Figure 2.2). Río Abajo Forest is managed by the Department
of Natural and Environmental Resources (DNER) Forestry Division. This forest reserve
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-11is located in north-central Puerto Rico (18°20’N, 66°42’W; Figure 2.2) within the
northern limestone region of the island (Figure 2.3). Río Abajo Forest is the largest
reserve of the moist karst region and comprises an area of 2,300 ha with elevations
ranging from 200-420 meters. Approximately 75% of the forest lies within the
subtropical wet forest and the remaining 25% is within the moist life zone (DNER 1976).
The flora of Río Abajo is highly diverse and consists primarily of secondary forests in
varying stages of succession. Alvarez-Ruiz et al. (1997) reported 242 tree species
representing 51 families from moist and wet climates present in the forest. Forest plant
communities vary from evergreen moist, mixed forests at the base of hills, to scrublands
on dryer hill tops (Acevedo-Rodriguez and Axelrod 1999). The area is characterized by
seasonal rainfall patterns with the period of greatest precipitation between August and
November. Annual precipitation averages 203.9 cm and annual temperature 24.8 °C
(National Oceanic & Atmospheric Administration, NOAA). The closest NOAA weather
centers to my study area were the Dos Bocas and Arecibo Observatory stations. These
recorded an average annual precipitation of 211.6 cm (2003) and 217.3 cm (2004), and a
mean annual temperature of 25.3 °C during both years.
The limestone formations of Puerto Rico range in age from the early Cretaceous
to the Quaternary, spanning some 146 million years. The limestone region has rock
outcrops with small amounts of chalk and dolomite, as well as gravel, sand, and clay
derived from volcanic rocks (Monroe 1976). This region covers about 27.5% of the
island’s surface and is subdivided into the northern, southern, and dispersed limestone
areas (Lugo et al. 2001). The northern limestone formations date from the Oligocene (34

-12to 23.5 million years ago) and Miocene (23.5 to 5.2 million years ago). It extends 140
km in an east-west direction along the north coast of Puerto Rico (Monroe 1976; Figure
2.3), is characterized by subtropical wet and moist life zones (Holdridge 1967), and
approximately 88% of the region is located in the moist forest life zone (Lugo et al.
2001). The northern limestone region is dominated by highly eroded karst formations
where elevations reach 530 m above sea level. This region contains Puerto Rico’s most
extensive freshwater aquifer, largest continuous expanse of mature forest, largest coastal
wetland estuary, and underground cave systems (Lugo et al. 2001).
The karst belt is characterized by closed depressions, subterranean drainages and
caves, haystack hills (locally known as “mogotes”) and deep sink holes. The region
constitutes about 142,544 ha (Monroe 1976). It is an extremely diverse region with
unique flora and fauna, and many rare and endangered species. The flora of this region
represents a transition between the wet forests of the Cordillera Central and dry forests of
the coastal limestone (Lugo et al. 2001). This area is currently the largest contiguously
forested region in Puerto Rico (Chinea 1980, Snyder et al.1987, Rivera and Aide 1998).
Furthermore, karst forests contain the largest tree species richness in Puerto Rico (Lugo
et al. 2001). Figueroa-Colón (1995) estimated the wet karst belt contains 23%, and the
moist karst belt contains 16% of the endemic tree species of the island.
The fauna of the karst belt is very important and highly diverse. A high degree of
endemism exists, and includes 54% of all species known from Puerto Rico. Most of the
native freshwater macrofauna, 73% of the island herpetofauna and 16 of the 17 endemic
avian species of Puerto Rico occur in the karst belt region. Several species of migratory

-13birds use this area as wintering habitat. More than 30 endangered or threatened species
have been identified in the karst region. Nine endangered bird species have been
reported, including the locally extinct Puerto Rican Parrot (Amazona vittata). Parrots
were formerly abundant in the northern and southern limestone forests and were
extirpated from both (Snyder et al. 1987). The karst belt region has been identified as the
most promising area for the successful establishment of a second wild parrot population
(Snyder et al. 1987, Wunderle 1996, USFWS 1999). Moreover, two endangered raptor
species inhabit this region, the Broad-winged Hawk (Buteo platypterus brunnescens) and
the Sharp-shinned Hawk (Accipiter striatus vennator; Delannoy 1992, 1997). This area
is also visited annually by thousands of Neotropical migrant birds. Forest passerines are
represented by over 40 species, and 45 shorebird and seabird species (Raffaele 1992).
The karst belt is spatially heterogeneous in terms of its landscape and climatic conditions.
The subterranean and subaerial landforms promote a highly diverse ecological system.
The diversity and abundance of wildlife in the karst belt is a result of its diversity of
habitats and the karst topography, with its valleys, canyons, hills, sinkholes, and caves
(Lugo et al. 2001).
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Figure 2.1. Location of Puerto Rico in the Caribbean.
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Figure 2.3. The limestone regions of Puerto Rico according to Monroe (1976). The northern limestone includes the karst belt
region (Lugo et al. 2001).
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CHAPTER III
ABUNDANCE AND DISTRIBUTION
Introduction
The ecology and behavior of raptor species have been well studied in the
temperate regions of North America. However, much less information is available on
this group in the tropical regions of the world (Thiollay 1994, Thiollay 1998, Whitmore
1997, Nimitz 2005). The ability to detect raptors varies by species and depends on
weather, season of year, time of day, body size, habitat, and flight behavior (Fuller and
Mosher 1987). Furthermore, the abundance and distribution of raptor species can be
influenced by landscape settings, especially where habitats are fragmented by human
activities (Soulé 1986, Andren 1994, Wiens 1995). The secretive behavior of some
tropical birds of prey renders them difficult to survey in lowland tropical forest habitats
(Thiollay 1989, Robinson 1994). The dense structure of these forests can further
decrease detectability and induce bias to estimates of raptor abundance (Thiollay 1989).
Habitat destruction and fragmentation are major causes for raptor population
declines in the West Indies and other regions of the Neotropics (Bildstien et al. 1998,
Wiley 1986, Wilson 1999, Whitmore 1997). In the past 500 years, land use and human
population growth have intensely fragmented the landscape of Puerto Rico (Wiley and
Vilella 1998, Foster et al. 1999). Woodland raptor (e.g., Broad-winged Hawk and Sharp-
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-20shinned Hawk) populations in Puerto Rico have declined in the last 100 years (Wiley
1986, Hengstenberg 2003). During this period, 7 of 60 (i.e., Nesotrichus debooyi,
Aramus guarauna, Tyto cavatica, Geotrygon larva, Aratinga maugei, Corvus primilis and
Corvus leucognaphalus) native land bird species of Puerto Rico became extinct (Brash
1987). However, other raptor species can thrive in human-modified landscapes provided
these habitats retain ecologically important features (Bird et al. 1996). In Puerto Rico,
the RTHA has apparently benefited from the open landscapes now common throughout
the island (Wiley 1986).
A few studies have been conducted in Puerto Rico on diurnal raptors (Santana et
al. 1986, Santana and Temple 1988, Delannoy and Cruz 1988, Delannoy 1997); however,
little is known on their island wide distribution and abundance (Rivera-Milán 1995).
Recently, various studies have been conducted to provide important information on raptor
abundance and distribution, as well as movements and habitat use patterns in Puerto Rico
(Hengstenberg 2003, Nimitz 2005). Most raptor surveys have been conducted in the
eastern portion of the island and consisted of spot-mapping RTHA territories in the CNF.
Nimitz (2005) conducted fixed radius point-transect surveys in CNF during the breeding
seasons of 2001 and 2002. Rivera-Milán (1995) conducted island-wide roadside surveys
from 1986 to 1988 and reported RTHAs were more abundant in the moist zone of Puerto
Rico than the wet zone. Prior to this study, RTHA surveys conducted in the moist karst
forest region of north-central Puerto Rico have been limited to the Río Abajo Forest
Reserve (Hengstenberg 2003).

-21Because moist karst forests have been proposed for reintroduction of the PRPA,
additional information on abundance estimates and distribution patterns of RTHAs in this
region is important to the parrot reintroduction program. To understand abundance and
distribution of RTHAs and BWHAs in moist karst forests of Río Abajo and surrounding
lands, I conducted monthly surveys using fixed radius point-transect. To compare
RTHAs density between the moist karst forest region and the montane region of the
Cordillera Central, I also conducted surveys during the breeding season in areas of northcentral Puerto Rico.

Methods

Data collection
I conducted fixed radius point-transect sampling surveys to estimate density
(raptors/ha) and determine abundance, and distribution patterns of RTHAs and BWHAs
in moist karst forests and montane forests of north-central Puerto Rico. I conducted
monthly surveys from July 2003 to July 2004 in Río Abajo Forest and surrounding areas.
Surveys were conducted during this time period to estimate RTHA population density
and abundance during the annual cycle. To estimate RTHA density in the Cordillera
Central region, biweekly surveys were conducted during the breeding season (December
2003-April 2004). Surveys were conducted twice monthly during the breeding season to
increase the chance of detecting BWHAs in this area. I considered December to May as
the breeding season, and the remainder of the year as the non-breeding season.

-22The survey area including Río Abajo Forest and surrounding lands was divided
into quadrants (northeast, northwest, southeast and southwest) and four areas were
randomly selected within each quadrant. Four observation points located on top of
limestone hills were selected in each area to complete a network of 16 survey stations
across the study area. In the Cordillera Central region, 10 stations were randomly
selected. Coordinant information of each station was recorded using a GPS receiver
(Trimble Geo-Explorer III). Due to personnel limitations, the number of stations sampled
was reduced to 10 and 6 in Río Abajo Forest and Cordillera Central regions, respectively
(Figure 3.1). The location of each station provided a panoramic view and coverage of the
surveyed areas.
Because rain is an important factor that limits the foraging activity of birds in the
tropics (Santana and Temple 1988), surveys were conducted in mornings of clear to
mostly sunny days at the end of each month. All observations were made by a single
observer on each station. Observers were equipped with 7-10X binoculars or 15-45X
Bushnell spotting scopes, Silva compasses, time clocks and field datasheets. Time of
day, raptor species, age class, azimuth, estimated distance at first sight and weather
conditions (sunny, hazy, rainy, windy and foggy) were recorded every 30 minutes during
surveys. Prior to each survey, the observers practiced estimating distance with a
Bushnell Yardage Pro 1000 laser rangefinder (Bushnell Corporation) and were trained to
identify RTHAs and BWHAs by sight and sound. However, to maintain consistency
between observers and because estimated distances tend to be rounded to favored values
(heaping), I decided a priori to classify raptor distances into 5 discrete distance intervals;

-23(0-300, 301-600, 601-900, 901-1200 and 1201-1500 m). I assumed discrete distance
intervals decreased the probability of erroneously estimating raptor distances during
surveys. Raptors were counted whether flying or perched. All raptor observations
recorded beyond 1,500 meters were discarded. The locations of all observed hawks were
plotted after each survey on 7.5-minute USGS topographic maps to determine RTHAs
breeding density and potential BWHAs territories.
Because detection probability of raptors may differ below and above canopy in
forested landscapes, I used, only detections between 0945-1000 and 1005-1020 for
RTHAs and 0910-1028 for BWHAs. These time periods represent the time of the day
when the proportion of RTHAs and BWHAs in the air is highest. Hengstenberg (2003)
detected more RTHAs and BWHAs during this time period in surveys conducted in Río
Abajo Forest during 2001-2002. Moreover, Hengstenberg (2003) reported flying
activities of RTHAs and BWHAs were highest between 0900 and 1100. For data
analysis one 15-minute interval was randomly selected each month to count RTHAs
because these periods represent a snapshot in time when RTHAs were more active flying.
I assumed surveys followed distance sampling assumptions: observers were able to detect
all raptors from the observation point, detect raptors at their initial location, and assign
observations to correct distance intervals (Buckland et al. 2001).

Density estimation
I used Program DISTANCE version 5.0 (Thomas et al. 2004) to analyze survey
data and determine RTHA density in the moist karst forest (Río Abajo Forest) and
Cordillera Central regions (Buckland et al. 2001). Density estimates were determined for

-24each season (breeding and non-breeding) and for the entire study period. RTHA densities
were determined independently for each period because I assumed detection probability
differs by season and I was interested in identifying which survey period best represented
the RTHA population in the study area. To improve precision of the estimates and
reduce bias, I stratified observations in Program DISTANCE to obtain an overall RTHA
density in the Río Abajo Forest region. Although RTHAs occurred occasionally in pairs,
I treated all observed RTHAs as unique independent observations. Each individual
RTHA observation in the Río Abajo Forest region was grouped into one of the four
established quadrants (northeast, northwest, southeast or southwest) to identify the area
where more RTHA detections occurred. To meet distance-sampling assumptions, I did
not estimate individual density of RTHA within each area.
I used Multiple Covariate (MCDS) Distance Sampling to analyze RTHAs
stratified survey data. In this analysis engine covariates (i.e., season-specific densities) in
addition to distance were used to model the detection function (Buckland et al. 2001). I
selected the best model using Akaike’s Information Criterion (AIC) values (Akaike 1973,
Buckland et al. 2001, Klavitter et al. 2003). I used χ2 goodness-of-fit tests to evaluate the
fit of detection models. RTHA season-specific densities in north-central Puerto Rico
were modeled using the Half-normal cosine detection function in Program DISTANCE.
Due to the low number of BWHA detections (n = 45) during surveys, I was
unable to use distance sampling to generate reliable estimates of BWHA density. To
calculate BWHA density and estimate total population, I used the variable circular-plot
method (Reynolds et al. 1980, Buckland et al. 2001). I defined the effective area

-25surveyed as the area within the 1500 m radius band (7.1 km ). I calculated the density at
2

each station during each survey by dividing the number of BWHAs detected by the
adjusted effective area. The mean overall density for the species was then calculated
from the density estimates for each station (Fancy 1997). Broad-winged Hawk total
population size was calculated by multiplying mean overall density by the total area
(Delannoy 1997).

Statistical analyses
I tested for normality using Kolmogorov-Smirnov Goodness-of-Fit Test (Sheskin
2000). Because the number of raptor detections was not normally distribute (P = 0.01), I
log-transformed survey data to restore normality. Analysis of variance (ANOVA) with
repeated measures for one factor (month) was used to determine if the number of RTHA
observed in Río Abajo Forest and surrounding areas was consistent across time or
differed between surveys (PROC MIXED, SAS Institute 2002). I estimated confidence
intervals and the difference in density between survey periods (i.e., breeding vs. nonbreeding season) to report the biological importance of density estimates and their
uncertainty. I tested for differences in density estimates between the moist karst and
Cordillera Central regions using a Z-test (Buckland et al. 2001). All values are reported
as mean ± SE. Results were considered significant when P ≤ 0.05.
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Distribution patterns
I detected RTHAs and BWHAs in 292 and 45 occasions, respectively, during
morning surveys conducted in Río Abajo Forest and surrounding areas from 2003 to
2004 (Figure 3.2). In the Cordillera Central region of north-central Puerto Rico, I
detected RTHAs 145 times during breeding season surveys; however, no BWHAs were
detected in this area. I estimated an average detection of 3.7 (SE = 1.81, range 1.7 – 8.1)
and 5.4 RTHAs (SE = 0.49, range 3.0 – 7.7) per survey station in Río Abajo Forest
region and the Cordillera Central region, respectively. An average detection of 0.5
BWHAs (SE = 0.51, range 0 – 2.0) per survey station was estimated for the Río Abajo
Forest region. The number of RTHAs observed during breeding season surveys in the
Cordillera Central tended to be more consistent (Figure 3.4). There was no significant
difference in number of RTHAs observed between surveys in the moist karst region (F12,
23

= 1.33, P = 0.2222).
The total number of RTHAs detections per area in the Río Abajo Forest region

was: northeastern (69), northwestern (91), southeastern (56), and southwestern (76). I
successfully mapped 20 different RTHAs territories in the 53 km2 study area of the moist
karst region (Figure 3.6). A RTHA breeding density of 0.38 RTHA pairs/km2 (2.66
km2/RTHA pair) was estimated for the region. Thirteen BWHA territories were
identified in 6 localities beyond the boundaries of Río Abajo Forest (Figure 3.7).
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An annual density of 0.00919 RTHAs/ha (SE = 0.0042; 95% LCL = 0.00587,
UCL = 0.01438, CV = 22.8) was estimated for Río Abajo Forest region (Table 3.1).
However, the densities estimated during the breeding season for the moist karst (0.00883
RTHAs/ha; SE = 0.0032; 95% LCL = 0.00429, UCL = 0.01816, CV = 36.8) and
Cordillera Central (0.01152 RTHAs/ha; SE = 0.0048; 95% LCL = 0.00491, UCL =
0.02699, CV = 41.6) best represented the RTHA population of these regions because they
measured the population before young of the year were added, occurred at a time of the
year when RTHAs are more active in aerial courtships, and was the time of the year when
juveniles RTHAs moved out of breeding territories. Density estimates did not differ
between geographic regions in north-central Puerto Rico during the breeding season (Z =
-0.46, P = 0.3228; Table 3.1). Breeding season surveys generated an abundance of 46
RTHAs (range 23 – 96) and 24 RTHAs (range 10 – 57) for Río Abajo Forest (5252.6 ha)
and Cordillera Central study areas (2102.2 ha), respectively. I estimated an average
BWHA density in the Río Abajo Forest region of 0.01060 BWHAs/ha (SE = 0.3, range
0.00300 – 0.02100), and 56.2 BWHA individuals (range 28 – 84.4) for this region.
Although RTHA density estimates varied among time periods in the Río Abajo
Forest region (Table 3.1), population estimates among seasons were similar as 95%
confidence intervals overlapped (Figure 3.8). Density estimates increased during the
non-breeding season in the Río Abajo Forest region. In this region density estimates
increased 7.3% (0.00069 RTHAs/ha, SE = 0.0017, range 0.00118 – 0.00159 RTHAs/ha)
from the breeding to the non-breeding season.
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Red-tailed hawks were abundant throughout the moist karst forest and Cordillera
Central regions of north-central Puerto Rico during 2003-2004. An annual density of
0.00919 RTHAs/ha was estimated in the Río Abajo Forest region of north-central Puerto
Rico. This is one of the greatest densities reported in the continental geographic range
(i.e., Canada to Panama) of this species. However, it is not the first time a high RTHA
density is reported for Puerto Rico, similar densities have been observed in other studies
conducted on the island (Snyder et al. 1987, Santana and Temple 1988, Hengstenberg
2003, Nimitz 2005). In Puerto Rico, RTHAs may be able to exploit a high variety of
available ecological niches in the absence of interspecific competition and depredation by
similar sized raptors (MacArthur and Wilson 1967, Santana and Temple 1988, Snyder et
al. 1987, Nimitz 2005). Moreover, being a habitat generalist apparently allows the
RTHA to remain common throughout the island (Santana et al. 1986).
Red-tailed hawk density estimates differed between the 2 geographic regions in
my study. Moreover, the mean number of RTHAs detected per survey station in the
Cordillera Central was different and more consistent than the average detection in the
moist-karst region (Figure 3.4). While not significant, the greater breeding season
density estimated for the Cordillera Central suggests inconsistent RTHA use along an
elevation gradient in north-central Puerto Rico. Santana and Temple (1988), reported a
greater RTHAs density at higher elevation in the rain and cloud forests of eastern Puerto
Rico compared to lowland areas. High RTHA densities in the Cordillera Central of
Puerto Rico could be a function of landscape structure in this region.
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those habitats may influence detectability and distribution of raptors (Soulé 1986, Andren
1994, Wiens 1995). Approximately 21% (450 of 2102.2 ha) of the surveyed area in the
Cordillera Central was characterized by open pastures, agriculture, and development.
The vegetation of these life zones has been extensively altered by human settlements and
agriculture. Other studies have reported raptor foraging distribution to be inversely
related to plant cover density (Southern and Lowe 1968, Wakeley 1978, Preston 1990).
Therefore, the high concentration of open pasture and agricultural landscapes in the
Cordillera Central likely rendered RTHAs more detectable during point-transect surveys.
Conversely, several unique attributes of the moist karst region (rugged
topography and dense forest) likely influenced RTHA detectability. The unique
landforms of haystack hills and sinkholes made raptors difficult to detect in this region.
My breeding season estimate in the moist karst region (0.00883 RTHAs/ha) was
considerably greater than reported by Rivera-Milán (1995; 0.0023 RTHAs/ha), but less
than reported in Río Abajo Forest during 2001-2002 (Hensgtenberg and Vilella 2004).
The greater RTHA density reported by Hengstenberg and Vilella (2004) for Río
Abajo Forest (0.016 RTHAs/ha) was based on surveys conducted throughout the
breeding season (February-May) inside the Río Abajo Forest. Surveys during my
research were conducted inside the reserve, as well as beyond the forest boundaries.
Areas outside the reserve were characterized by open pastures and residential areas
identified as suitable habitat for RTHAs (Preston 1990, Janes 1984). Therefore, density
estimates generated during my research may be more representative of the RTHA
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Conversely, estimates reported by Rivera-Milán (1995) and those reported during my
study may differ because surveys were conducted in different habitats (off-road and onroad).
Rivera-Milán (1995) conducted roadside surveys along the moist karst region and
made inferences just for habitats associated with roads. Conversely, during my research
point-transect surveys were conducted within off-road habitats. Roadside surveys will
lead to bias if the detection probability differs between on-road and off-road habitats,
therefore, future research should include a combination of on-road and off-road stations
to make a contrast between habitats associated with these areas. Moreover, greater
densities estimated during my research also may be influenced by the low number of
stations used during surveys (10), and the large movements and spatial distribution of
RTHAs in this region. Nevertheless, density estimates in the Río Abajo Forest region
(0.92 RTHAs/km2) were similar to those reported for the CNF (Nimitz 2005). These
results have important implications for the parrot reintroduction efforts because; contrary
to what has been reported by previous studies (Rivera-Milán 1995), the proposed
reintroduction area (moist karst region) has a relatively similar density of RTHAs to
CNF. Ongoing parrot recovery efforts in the moist karst forest region of Puerto Rico
have partly relied on the assumption that RTHA densities were considerably lower in Rio
Abajo compared to the Luquillo Mountains (USFWS 1999, White et al. 2005).
Raptor species may not occupy the full range of available habitats they would
otherwise be capable of occupying because of interactions with other species (Janes

-311985). The average detection of RTHAs (3.7) was greater than the average detection of
BWHAs (0.5) during surveys conducted in the Río Abajo Forest region. This high
RTHA detention rate could be a function of their high wing loading capabilities. Both
species are morphologically different; RTHAs have larger wing loading capabilities, and
consequently, increased soaring ability (Hengstenberg 2003).
Hengstenberg and Vilella (2004) suggested BWHA and RTHA distribution in the
Río Abajo Forest region might be inversely related. Most (97%) locations of
radiomarked BWHAs at Río Abajo Forest were confined to the boundaries of the reserve
(Hengstenberg 2003). My results indicated 76% (221 of 292) of all RTHA survey
detections were outside the Río Abajo Forest boundaries. These areas outside the forest
reserve were dominated by suitable RTHA habitat, semi-open and open areas
interspersed with woodland lacking dense canopy forest (Fitch et al. 1946, Preston and
Beane 1993).
Broad-winged Hawks were restricted to closed-canopy forests within the moist
karst region of the island. I failed to detect BWHAs in the Cordillera Central. These
results confirmed previous reports on BWHA distribution in this section of Puerto Rico
(Delannoy 1997, Delannoy and Tossas 2000, Hengstenberg 2003). Moreover, my results
on BWHA abundance within the Rio Abajo Forest reserve were similar to previous
studies (Delannoy 1997, Hengstenberg 2003). Previous studies reported an estimated
BWHA population of approximately 52 individuals. This suggests the population of
BWHAs in Río Abajo Forest has remained fairly stable for the last 12 years
(Hengstenberg 2003).
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individuals. However, Hengstenberg and Vilella (2004) suggested private lands around
Río Abajo Forest could provide corridors and nesting habitat for dispersing individuals,
extending the BWHA’s distribution. I documented 13 BWHA territories outside the Rio
Abajo Forest reserve boundaries. These territories were located in 6 different private
localities with suitable BWHA habitat along the Tanamá River valley in the northwestern
region of the forest. Occupied areas were structurally similar to BWHA nesting
territories in Río Abajo Forest (Hengstenberg and Vilella 2005). Private lands occupied
by BWHAs were characterized by closed-canopy stands, with open midstory, dense
understory, and proximity to rock walls (Hengstenberg and Vilella 2005).
In the Río Abajo Forest region, breeding density of RTHAs may be related to
landscape settings and distribution of BWHAs. Here, RTHAs appear to maintain
compressed territories in the northwestern and southeastern sections (Figure 3.6). These
areas maintained the greatest RTHA concentration with 70% (14 of 20) of all RTHA
pairs observed within the moist karst region (Figure 3.5). It should be noted the release
of captive-reared PRPA will be conducted in the southwestern section of the Rio Abajo
Forest where the parrot aviary is located.
Conversely, the western and southwestern portions of the Río Abajo Forest
reserve included the greatest BWHA nesting territory density in this region (Delannoy
and Tossas 2000, Hengstenberg and Vilella 2004). The RTHA breeding density (0.38
pairs/km2) estimated for the Río Abajo Forest region was similar to that reported by
Santana and Temple (1988) for the moist lowlands of eastern Puerto Rico. This density
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of the island (Santana and Temple 1988, Nimitz 2005). The large number of breeding
individuals in a relatively small area may be related to local topography and suggests the
relief of this region may allow consistently high availability of resources, contributing to
RTHA territory compression (Santana and Temple 1988, Nimitz 2005).
Furthermore, the northwestern and southeastern quadrants of the Río Abajo Forest
region contained the greatest percentage (Helmer et al. 2002) of open areas (pasture and
urban). Río Abajo Forest is fragmented on the eastern end by a double lane highway and
in the south-central section by a small community (Hengstenberg and Vilella 2005).
Wiley (1986) reported increased RTHA populations in edge habitats within suburban and
agricultural landscapes of Puerto Rico. Moreover, Berry et al. (1998) reported RTHAs
were most common in landscapes dominated by lowland grasslands. In eastern Puerto
Rico, Santana and Temple (1988) found RTHAs required at least 47% coverage of
pastures within their territories in moist-lowland regions.
Several studies have suggested raptor distribution reflects prey availability and
vegetation density (DeStefano and McClosky 1997, Preston 1990, Reynolds et al. 1992,
Reynolds and Joy 1998). High numbers of available prey may result in territory
compression and greater densities of breeding individuals (Boal and Mannan 1998, Tubbs
1974, Nimitz 2005). Open areas may increase prey detectability by RTHAs. Moreover,
the open areas of the northwestern and southeastern quadrants of the Río Abajo Forest
region are located close to residential areas and are characterized by woodland patches
offering multiple perch sites for RTHAs. Perch sites have been identified as an important

-34factor influencing distribution of raptor species. Bildstein (1987) and Preston (1990)
reported distribution of RTHAs was related closely to perch sites. Residential areas or
development also provide a high concentration of prey species associated with these
habitats (e.g., rats, domestic pigeons, and chickens). Based on anecdotal observations,
domestic chickens (Gallus gallus) and domestic pigeons (Columba livia) represented an
important component of the RTHA diet in the moist karst region.
My results indicated RTHA abundance in these regions did not changed
throughout the annual cycle (Figure 3.11). Other RTHA studies (Rivera-Milán 1995)
have suggests a seasonal pattern where abundance increased from autumn (SeptemberNovember) to winter (December-February). In Puerto Rico, RTHAs are non-migratory
and maintain year-round territories. RTHAs were abundant during my study in and
around the Río Abajo Forest reserve. The estimate of 46 individuals during the breeding
season corresponds to the resident (adult and juvenile) RTHA population of the Río
Abajo Forest region (Figure 3.11). During these months, RTHAs were more active in
aerial courtships and non-resident juvenile RTHAs moved out of adult territories. RTHA
abundance increased by only 4 individuals from the breeding to the non-breeding season;
therefore, RTHA population remained constant in the Río Abajo Forest region throughout
the year.
Breeding season estimates best represent the RTHA population in the Río Abajo
Forest region because this period coincides with the time of the year when nestlings occur
(Santana and Temple 1988) and when adults remain closer to their nest sites. At this
time, one pair member (usually the male) is more active searching for food while the
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the males usually provision during most of the nestling phase (Silver et al. 1985), while
females remain at the nest to feed and protect the brood (Gatto 2002). In Puerto Rico,
male BWHAs during the incubation period provision food for the female and protect the
nesting territory (Hengstenberg and Vilella 2005). Moreover, the aggressiveness of adult
RTHAs increased during this period, and intrusive individuals were chased out of nesting
territories.
RTHA abundance during the non-breeding season increased by 4 individuals;
reflecting the time when after-hatch-year birds enter the population, and coinciding with
the peak of fledgling and post-fledgling dependency (Santana and Temple 1988). During
this period fledglings remain within the parent’s territory for at least 75 days after leaving
the nest (Santana and Temple 1988). Young birds returned to the nest to perch, receive
food and roost. The adults remained with them, frequently hunting and soaring. The
detection probability increased 30.2% from the breeding to the non-breeding season. I
observed juveniles and their parents flying together during trapping. Furthermore, when
a juvenile RTHA dived towards a trap, the bait (e.g., pigeons or chickens) was first
attacked by the adults, followed by the juveniles. Because they spent more time soaring
and hunting with their parents, detectability of resident young birds increased during
these months of the year.
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Density estimate lower 95% confidence limit.
Density estimate upper 95% confidence limit.
Seasons: Non-breeding (June-November), Breeding (December-May).

a

0.01152

0.00919

Annual

Breeding

0.00883

Breeding

Cordillera Central

0.00952

Non-breeding

Moist karst

Density estimates

Season

Region

0.0048

0.0042

0.0032

0.0027

SE

0.00491

0.00587

0.00548

0.00429

D LCLa

0.02699

0.01438

0.01656

0.01816

D UCLb

Table 3.1. Red-tailed Hawk (RTHA) season-specific densities (RTHAs/ha) in northcentral Puerto Rico. Densities were
derived from analysis of fixed radius point-transect surveys for each geographic region (moist karst; 5265.6 ha,
and Cordillera Central; 2102.2 ha).
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Figure 3.2. Total number of Red-tailed Hawk (RTHA) and Broad-winged Hawk (BWHA)
detections per survey date in Río Abajo Forest, Puerto Rico and surrounding
areas during 2003-2004.

Survey date

Figure 3.3. The mean (± SE) number of Red-tailed Hawk (RTHA) and Broad-winged
Hawk (BWHA) detections per survey date in Río Abajo Forest, Puerto Rico
and surrounding areas during 2003-2004.

-44-

M ean number of RTH As observed
per survey date by geographic region
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Figure 3.4. The mean (± SE) number of Red-tailed Hawk detections per survey date in the
Cordillera Central and moist karst forest regions of north-central Puerto Rico
during 2003-2004.
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Figure 3.5. The mean (± SE) number of Red-tailed Hawk detections per survey per
geographic area in Río Abajo Forest, Puerto Rico during 2003-2004.
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Figure 3.6. Red-tailed Hawk territories in moist limestone forests of north-central Puerto Rico during 2003-2004.
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Figure 3.7. Broad-winged Hawk territories located on private lands surrounding Río Abajo Forest in the moist limestone
region.

0 0.5 1

.

Rio Abajo Forest border

Rivers

Territories

Water

Urban, suburban and development

Open pasture/Agricultural landscapes

Montane evergreen regenerating forest

Montane evergreen forest

Moist seasonal evergreen forest/shrub

Moist seasonal evergreen forest

Lowland moist seasonal evergreen forest

Forest habitats

Moist limestone forest region

-46-

-47-

RTHA abundance in Rio Abajo Forest
region during 2003-2004
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Figure 3.8. Estimates of the total population of Red-tailed Hawks in Río Abajo Forest,
Puerto Rico and surrounding areas during 2003-2004, (mean ± 95% CI).
Seasons: Breeding (December-May), and Non-breeding (June-November).

CHAPTER IV
HOME RANGE AND ACTIVITY PATTERNS

Introduction
Home range is described as the area used by an individual in its normal activities
of food gathering, mating, and caring for young during a given time period (Burt 1943,
Hansteen et al. 1997). This area may or may not be defended, depending on species, time
of year and spatial distribution of individuals across the landscape. The core area is
described as the most frequently used area by an individual at a specified time interval
within the home range (Hansteen et al. 1997). In studies of animal movements where
radiotelemetry is used (White and Garrot 1990), home range is described as the area
encompassed by 95% of an individual’s locations (95% HR) and core area refers to the
area defined by 50% of the locations (50% HR). For raptors, a home range usually
includes a defended territory around breeding and hunting areas, which may overlap
greatly between pairs (Newton 1976).
The home range and movements of predatory vertebrates are influenced by
multiple factors such as prey availability (Marquiss and Newton 1981, Village 1982), age
or gender (Harested and Bunnell 1979, Schoener and Schoener 1982, Kennedy et al.
1994), time of year (Village 1982), dominance status (Schoener and Schoener 1982),
environmental conditions (Reynolds et al. 1982), energetic requirements (DeStefano and
-48-

-49McCloskey 1997), and trophic status (McNab 1963, Schoener 1968). These factors
influence not only how a raptor perceives a particular habitat, but the way a raptor moves
(Newton 1979, Hengstenberg 2003). For many vertebrates, including raptors; home
range and movements increase with body mass and decrease with increased habitat
productivity (e.g., McNab 1963, Schoener 1968, Harestad and Bunnell 1979, Lindstedt et
al. 1986). Moreover, competition, topography and landscapes features, such as the
spatial distribution of habitats and movement barriers (e.g., clear cuts, open-canopy
forests, developments) may affect raptor home range sizes and movements (Bissonette
1997, Hengstenberg 2003). Different techniques have been used in the past to estimate
animal’s home range size and movements. To date, radio telemetry is the most
commonly used technique because not only does it estimate the size and shape of an
animal’s home range (Petersen 1979, Watson 1986, Whitman et al. 1986), it also enables
the estimation of reproductive success, survival, movements, and interactions of
individuals (Burger et al. 1991).
In North America several studies have measured directly home range size and
movement patterns of raptors (e.g., Petersen 1979, Andersen and Rongstad 1989, Walls
et al. 1999, Boal et al. 2003, Reynolds et al. 1992). However, in Puerto Rico home range
size and movements of raptors have not been studied intensely. Most of raptor studies
have been conducted in the eastern portion of Puerto Rico at the Caribbean National
Forest. Furthermore, these studies have relied either on territory mapping or on very
small samples of radiomarked individuals. Santana and Temple (1988) reported redtailed hawk (RTHA) juveniles dispersed up to 85 km from natal areas in northeastern
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averaged 124.3 ha in the northeastern section of the CNF, Puerto Rico.
In a more recent study, Nimitz (2005) used fixed kernel estimators and reported a
mean 95% HR of 5022.6 ha and a core area of 564.8 ha for RTHAs in CNF and
surrounding lands. This study used a larger sample (18-21) of RTHAs to estimate home
range. In this region RTHAs were located a mean maximum distance of approximately
11 km from trapping sites (Nimitz 2005). In Rio Abajo Forest, Delannoy and Tossas
(2000) used spot mapping to estimate an averaged nesting territory of 39.5 ha for Broadwinged Hawks (BWHA). Furthermore, Hengstenberg (2003) reported BWHAs at Río
Abajo Forest had a mean 95% HR of 106.6 ha, core area size of 12.0 ha, and mean
weekly movements averaging 2,906.8 m.
Although the RTHA is the most common Buteo in North America estimates of
survival are lacking throughout its range. Several causes of RTHA mortality have been
identified; shooting, poisoning, collisions with vehicles, electrocution, and predation by
other raptor species are the most common causes. Little published information exists on
RTHA survival in the Caribbean region. Nimitz (2005) reported monthly survival ranged
between 0.95 and 0.98 for adult and juvenile RTHAs in the CNF. Because predation by
RTHA have been identified as the major cause of Puerto Rican Parrot (PRPA) mortality
at CNF, I considered it important to quantify RTHA survival during my study in the
proposed parrot release area of north-central Puerto Rico.
Current knowledge on RTHAs home range and movements in Puerto Rico is
limited to the eastern portion of the island. In this region RTHAs are major PRPA
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present, no information exists on annual or seasonal (breeding and nonbreeding) home
range size and movements patterns for RTHAs in the PRPA proposed release area of Río
Abajo Forest. Moreover, there is no available information to evaluate RTHAs activity
patterns and the proportion of time spent within the proposed release area. Hengstenberg
(2003) suggested a negative interaction may exist between BWHAs and RTHAs in Río
Abajo Forest. Due to the apparent negative relationship between these sympatric Buteos,
it was important to assess the degree of RTHA-BWHA spatial interactions in this region.

Methods

Animal capture and radio-marking
I captured 19 RTHAs in Río Abajo Forest and adjacent lands between July 2003
and July 2004. I did not trap during January to avoid affecting the beginning of the
breeding season. I used bow-net traps, a modified rectangular-shape bal-chatri trap and
an octagonal bal-chatri trap baited with domestic pigeons (Columba livia), domestic
chickens (Gallus gallus) and helmeted guineafowl (Numida meleagris) to capture hatch
year (HY=13), after hatch year (AHY=1) and after second year (ASY=5) RTHAs (Berger
and Muller 1959, Vekasy et al. 2002, Thorstrom 1996). I used 81 trapping sites within
and around Río Abajo Forest during my study (Figure 4.1). However, I captured all
RTHAs in 10 trapping stations encompassing an area of 4666.8 ha around Río Abajo
Forest (Figure 4.1). Twenty trapping sites were located inside the reserve, 47 less than
500 m from the forest boundaries and the rest (14) located beyond 500 m but less than
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and trapping usually extended until sunset.
Following capture, gender and age of each radiomarked RTHA was determined.
Captured RTHAs were sexed based on relative body size (wing chord and weight) and
behavior. I used a discriminant function analysis (PROC DISCRIM, SAS Institute 2002)
to determine which morphological measurements best-described gender of captured
RTHAs and to confirm if captured, yet unmarked hatch-year birds, were correctly sexed.
I used the best set of discriminators relative to gender of captured RTHAs. Each bird was
banded on the left leg with a size 7B color-coded leg band (HY = orange, AHY and ASY
females = blue, AHY and ASY males = black) and on the right leg with a standard Bird
Banding Laboratory aluminum band. For each banded bird (Table 4.1) I recorded the
following morphological measurements: wing chord (cm), tail length (cm), wingspan
(cm), deck feather width (mm), tarsus width (mm), tarsometatarsus length (mm), hallux
length (mm), bill length (mm), bill depth (mm), net weight (g), keel fat (1-3), and wing
pit fat (0-3). Moreover, I recorded time of capture and release, trap type, weather at time
of capture, trap site habitat type (e.g., plantation, mixed forest, open field), plumage
condition, eye color and presence of parasites (e.g., flat flies).
Fourteen RTHAs were fitted with backpack-mounted radio transmitters (Holohil
Systems Ltd.®, Model RI-2CP). Five hatch year RTHAs captured during the 2004
breeding season were not radiomarked because I was more interested in capturing
breeding adults. Radio transmitters were attached using a breakaway backpack harness
constructed from 12 mm wide tubular Teflon ribbon straps and a leather keel plate
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(Klavitter et al. 2003). Radio-transmitters had a life expectancy of 1.0-1.5 years and were
equipped with an activity switch that produced a slower pulse rate (0.80-0.88 pulses/sec)
when positioned vertically (i.e., perched) and a faster pulse rate (1.15-1.23 pulses/sec)
when in a horizontal position (i.e., flying, eating, preening and incubation). Complete
transmitter package weighed 18-19 grams, representing 2.5% and 2.0% respectively of
male and female RTHA mean body mass. If the weight of the transmitter package was
greater than 3% of body weight, the bird was banded but not radiomarked (Vekasy et al.
2002). Birds were released on site 60-90 minutes after capture and continuously
monitored for the next 2-4 hours post-release. One HY RTHA was released 106 minutes
after capture because the backpack harness broke away during attachment. All birds
resumed normal activities shortly after release. One radiomarked RTHA yielded no
information because the antenna broke from the transmitter shortly after release.

Radio-tracking
I tracked radiomarked birds 1-5 times weekly from vehicle or on foot from July
10, 2003 to September 29, 2004 using portable programmable receivers (Telonics TR-2
and TR-5), a flexible H-antenna (RA-14K), a 3-element hand-held Yaggi antenna, and
omni directional antennas (Advance Telemetry Systems, Inc.®, Isanti, MN). The order in
which birds were daily tracked, and time of day (morning or afternoon) was determined
randomly prior to the initiation of tracking activities (Andersen and Rongstad 1989). I
tested for location error by placing transmitters on limestone hills and in sinkholes and
then taking compass bearings to the transmitters from known locations (White and Garrot
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overall observer error of ±2º for the study area. However, error was minimized as most
(86% or 629 of 728 locations) locations were collected by homing (≤ 25 m of radio
signal) and visually locating individuals. For each visual location, I recorded weather,
time, hawk activity (e.g., perched, flying), presence of other hawks in the area, habitat
type, and distance and azimuth from the telemetry station to the actual location.
I obtained Universal Transverse Mercator (UTM) coordinates of each RTHA
location using a hand-held GeoExplorer III GPS receiver (Trimble Navigation Limited,
Inc.®, Sunnyvale, CA). I defined flying behavior as thermal soaring or flapping. The
term thermal soaring referred specifically to instances where a RTHA circled within a
thermal without wing beats and flapping when a bird was powered by wing beats (Cone
1962, Hoover and Morrison 2005). I used the mean number of locations per season (pre,
early, late and post-breeding season) to see if behavior (e.g., thermal soaring, flapping,
perching) changed by season of the year. When radiomarked hawks were perched, I
recorded tree species, tree height, perch location, distance to openings, and distance to
roads and houses. Perch site habitat was characterized following Titus and Mosher
(1981). To avoid negatively affecting radiomarked RTHA movements, I recorded the
coordinates of the perch tree and characterized the habitat once the hawk was not present.
After fieldwork was concluded, angular bearings, distances, and GPS coordinates of all
visual telemetry locations were used to calculate UTM of actual bird locations (White
and Garrot 1990, SAS Institute 2002).
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728 locations) to estimate position (Mech 1983). For triangulation, I determined hawk
locations taking two simultaneous bearings from different stations. No locations were
made of birds in flight. Triangulation allows location of poor-quality signals and reduces
the average size of the confidence ellipse (White and Garrot 1990). I did not classify
habitats of locations obtained by triangulation. After locating a RTHA, I did not relocate
it for ≥ 3 hours to minimize serial correlation between successive locations (White and
Garrot 1990). I used Program Locate II (Nams 1990) to generate UTM coordinates of
RTHA locations collected by triangulation and determined 95% error ellipses around
these locations. If the error ellipses were greater than 0.5 km2, I removed the location
from the dataset to minimize locational error from the sample. Calculated locations were
checked and confirmed by comparison to estimated locations plotted on U.S. Geological
Survey 7.5-minute quadrangle topographic maps (Dykstra et al. 2001).

Home range, core area and movements
I obtained 95% and 50% fixed kernel home range estimates with the least squares
cross validation smoothing parameter (LSCV, Worton 1989) using the Animal
Movement extension (Hooge and Eichenlaub 1999) in ArcView® 3.3 (ESRI 2002). The
fixed kernel estimator differentiates between discrete areas within the home range (i.e.,
core areas) and has a lesser bias and better surface fit than the adaptive kernel estimator
(Kernohan et al. 2001, Seaman and Powell 1996, Seaman et al. 1999).
I determined the minimum number of locations required to estimate RTHA home
range size. I randomly selected locations from the 6 RTHAs (3 adult and 3 juvenile) with
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bird at 5-point intervals with 5-40 locations. Each home range area (hectares) was
plotted against number of random locations to assess when the distribution reached an
asymptote and stabilized (Figures 4.2 and 4.3). Twenty was the minimum number of
locations required to make a reliable estimate of home range and core area size. I
estimated the home range and core area size for all radiomarked RTHAs with sufficient
locations during the breeding and non-breeding season, as well as for the entire study
period (annual; Figures 4.4 - 4.15). Due to small sample size, I pooled years to calculate
non-breeding season home range and core area size. A Multi-Response Permutation
Procedure (MRPP) was used to measure core area shifts for the same radiomarked RTHA
between the breeding and non-breeding seasons using Program BLOSSOM (Slauson et
al. 1994). This multivariate procedure makes use of small samples and tests for changes
in an animal’s use of space (Mielke and Berry 1982). To estimate seasonal home range,
core area and movements of radiomarked RTHAs, I considered January to June 15 as the
breeding season, and the remainder of the year as the non-breeding season.
I generated mean weekly movements (MWM) of radiomarked RTHAs by creating
polylines from a point file using the Animal Movement extension in ArcView® 3.3
(Hooge and Eichenlaub 1999, ESRI 2002). Mean weekly movements were estimated
using the distance moved in successive weekly locations. I partitioned the year into 4
intervals of 3 months: pre-breeding season (September-November), early breeding season
(December-February), late breeding season (March-May), and post-breeding season
(June-August) to examine if mean weekly movements increased during the non-breeding
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individual behavior during these periods. I used the XTools extension (DeLaune 2003) in
ArcView® 3.3 (ESRI 2002) to calculate fixed kernel breeding and non-breeding season
centroids. I also estimated the maximum distance radiomarked RTHAs were located
from the trapping site, nests (if located), and 50% fixed kernel breeding and non-breeding
season centroids for all individuals. If the nest was not located, the 50% fixed kernel
breeding season centroid was used to represent the nesting area. I developed a 200 m
radius buffer around the 50% fixed kernel breeding season centroids of adults RTHAs for
which I could not find the nest using the Buffer Wizard in ArcGis® 8.3 (ESRI 2001). The
200 m radius was selected because the distance between the 50% fixed kernel breeding
season centroid and the true location of the active and non-active nests found during my
study averaged 192.4 m. Because PRPAs are schedule to be released in Río Abajo Forest
during 2006, I calculated the minimum distance radiomarked RTHAs were located from
the proposed release site.
I used the Student Residuals test to detect outliers and removed them from
analyses. I tested for normality using the Kolmogorov-Smirnov Goodness-of-Fit Test
(Sheskin 2000). Twelve radiomarked RTHAs were used to calculate mean home range,
core area size, mean weekly movements, and maximum and minimum distances RTHAs
traveled. However, RTHA 5935 was removed from analyses because it was the only
AHY bird in the sample. Analysis of variance (ANOVA) was used to determine if
radiomarked RTHAs annual home range and annual core area size differed between age,
gender and their interaction (PROC MIXED, SAS Institute 2002). Separate ANOVA
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maximum distances from trapping sites and breeding season centroids, and minimum
distance from the PRPA proposed release site differed by age, gender or their interaction
(PROC MIXED, SAS Institute 2002). I used two sample t-tests to evaluate if breeding
and non-breeding season home range and core area size of radiomarked RTHAs differed
due to age and gender. The same set of statistical analyses was used to evaluate if the
radiomarked RTHAs home range, core area size and mean weekly movements differed
between seasons (breeding and non-breeding). All values reported are means ± SE.
Results were considered significant when P ≤ 0.05.

Survival
The known-fate model in Program MARK 3.2 was used to determine monthly
and annual survival estimates of radiomarked RTHAs from July 2003 to September 2004
(White and Burnham 1999). Annual survival was determined from July 2003 to July
2004. Known-fate model assumes all radiomarked animals are alive at the beginning of
the interval, have the same survival probability, their fate is known with certainty through
the interval, and censoring of marked individuals is independent of their fate. Because
radiomarked RTHAs entered the sample at different time periods during the study, I used
a staggered entry design (Pollock et al. 1989) to model RTHA monthly survival. This
approach assumes that animals are marked, radios do not affect survival probability, and
newly marked individuals are assumed to have the same survival function as previously
marked ones. I used program MARK to test for gender, age, season and time-specific
variation in radiomarked RTHAs monthly survival. After developing a set of a priori
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(AIC) to select the model or models that best fit the data (Akaike 1973, Burnham and
Anderson 1998, Dinsmore et al. 2002). I developed the following a priori models: {S
(.)}, {S (age + season)}, {S (age)}, {S (T)}, {S (gender)}, {S (age +T)}, {S (age
+gender)} and {S (gender +T)}.

Spatial interactions
I compared the degree of overlap in home ranges of radiomarked RTHAs and
BWHAs in Río Abajo Forest using the static interaction analysis in the Animal
Movements ArcView extension (Hooge and Eichenlaub 1999). Static interaction
measures the degree of spatial overlap throughout a time interval of interest without
considering whether two animals use the same space simultaneously or at different times
(Kernohan et al. 2001). For the static interactions, telemetry locations must be collected
at regular independent intervals during each animal’s activity period (Doncaster 1990).
Static interaction analysis examines the similarity in location of high-use areas, and is not
affected by sample size or differences in the spatial frame of reference (Kernohan et al.
2001). The static interaction analysis uses 400 Monte Carlo simulations to compare
kernel probability surfaces to randomly generated surfaces in each home range and area
of overlap (Doncaster 1990). This analysis tests the null hypothesis of no relation in the
utilization distributions of RTHAs and BWHAs in the Río Abajo Forest region. Positive
correlation indicates similar utilizations (attraction) and negative correlation separate
utilizations (avoidance).
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Animal capture and radio-marking
From 2003-2004 a total of 1,715 person hours were required to capture 19
RTHAs in Río Abajo Forest and surrounding areas (Table 4.3). I radiomarked 14
RTHAs and used 11-14 in the analyses. I was more successful trapping RTHAs with the
bow-net traps (74%; 14 of 19) than with bal-chatri (26%; 5 of 19) or dho-gaza traps.
Four of the birds captured were captured with a modified rectangular-shape bal-chatri
trap. I modified the bal-chatri by eliminating the wire bottom and raising it high enough
to bait it with a combination of domestic chickens and guineafowl. The absence of a wire
bottom allows domestic birds to move with more ease inside the trap, be more active
scratching for food on the ground and vocalizing. Most hawks (17 of 19) were captured
in open fields rather than timber plantations or mixed forest areas. Twelve of them were
captured during the morning (0900-1200), six were captured between 1201 and 1500, and
one between 1501 and 1800 (Table 4.3).
During the radio-marking process, 12 females and 7 males RTHA were sexed
based on relative body size (wing chord and weight) and gender was verified based on
subsequent behavior (Table 4.1). Because 5 HY RTHAs were released without radios, I
was unable to visually verify whether they were correctly sexed. However, their gender
was confirmed by discriminant function analysis. Female RTHAs showed larger values
for every morphological measurement and differed significantly from male RTHAs in
wing chord, tail length, wingspan, tarsus width, hallux length, bill length and weight
(Table 4.4). Although females showed larger values for every morphometric variable,
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wing chord, bill length, tarsus width and tarsus length.

Radio-tracking
From July 2003 to September 2004 I recorded 982 locations points for 14
radiomarked RTHAs. A total of 254 locations points were not used in the analyses
because their 95% error ellipses were unacceptable (14 locations), or were location points
where the bird was not located due to poor signal strength for triangulation (240
locations). However, even when a bird was not located, I recorded information related to
activity (e.g., flying, perched, and time of day). Approximately 52% (502 of 968) of the
RTHA locations used in the analyses (Table 4.5) were recorded during morning hours
(0600-1200) and the other (466) during the afternoon (1201-2100). On average,
radiomarked RTHAs were monitored for 238.9 (± 29.8) days and 53.4 (± 7.2)
locations/RTHA were recorded during the study period (Table 4.3). I lost the signal of
RTHA 5556, 8 days post-capture due to transmitter failure, and the signal of RTHA 5900
at 55 days due to permanent emigration from the study area. This bird was re-sighted for
the last time 25 km from the trapping site (Table 4.3).
During my study, I located radiomarked RTHAs perched 59.4% (n = 575),
thermal soaring 11.1% (n = 107), flapping 24.6% (n = 238), and in other activities (e.g.,
hunting, incubating) 4.9% (n = 48) of the time (Table 4.6). The amount of flying versus
perching behavior significantly differed by seasons (Figure 4.16). Birds were located
flying (i.e., thermal soaring and flapping) more often during the pre-breeding and early
breeding seasons. During these seasons, locations of flying hawks were 1.1 and 1.7 more
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during all seasons, locations of perching hawks were 1.2 to 2.3 times more common than
in flight (Figure 4.16). Between 0600 and 0900 RTHAs were located perched 75.3% of
the time. However, flying activities increased from 24.7% (0600-0900) to 38.7% during
the 0900-1200 time period (Table 4.6). Red-tailed hawks were located perched in 38
different substrates (Table 4.7). The most common perches were snags (11.4%),
Shefflera morototoni (10.9%), Cecropia schreberiana (9.4%) and Spathodea
campanulata (9.4%). Approximately 1.7% of RTHA locations (12 of 720) occurred
inside the Río Abajo Forest boundaries (Figure 4.17).

Home range, core area and movements
I calculated mean home range size (HR), core area size (CA), mean weekly
movements (MWM), and maximum and minimum distances for 12 radiomarked RTHAs
with sufficient locations during the study (Tables 4.8 and 4.9). Two hatch-year RTHAs
(5556 and 5900) were excluded from analyses due to insufficient locations (Table 4.5). I
also excluded female RTHA 5935 from analyses for being the only after-hatch year
(AHY) bird in the sample. However, it was used to calculate the average home range,
core area size, and mean weekly movements of the pooled RTHA sample (n =12).
RTHA 5935 had an annual home range of 2048.9 ha, annual core area of 184.2 ha, and
MWM of 1297.2 m. Home range and movement estimates of this individual were less
than estimates of hatch-year birds but greater than estimates for after-second-year
RTHAs (Table 4.9). This hawk was located 9.5 km from the trapping site, a greater
distance than for after-second-year birds. Home range size, core area size, and movement
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however, a larger sample size is necessary to make reliable inferences on this portion of
the RTHA population of north-central Puerto Rico.
Radiomarked RTHAs in my study had a mean home range size of 6274.7 ha (SE
= 2294.1; 114.9 - 22771.4 ha), core area of 978.5 ha (SE= 365.9; 11.4 - 3547.3 ha) and
weekly movements of 2844.4 m (SE = 676.1; 534.7 - 7119.7 m; Tables 4.8 and 4.9). The
home range, core area size and weekly movements of females (n = 7) were greater than
for males (n = 5). The home range of adult RTHAs (n = 5) averaged 254.8 ha (SE =
71.9; 114.9 - 522.1 ha), core area 45.7 ha (SE = 21.7; 11.4 - 130.8 ha), and the annual
MWM averaged 800.2 m (SE = 103.9; 534.7 - 1053.4 m). Females 5768 and 5703
achieved the greatest home range (522.1 ha) and weekly movements (1053.4 m),
respectively. The home range of female RTHA 5768 was 51% greater than the mean
home range of paired RTHAs. This adult female was unpaired during the 2003 nonbreeding season and remained unpaired until the start of the 2004 breeding season. I
located this bird approximately 8.5 km from the 50% breading season centroid during the
first week of the 2004 season. However, during the second week of the season it returned
to a previously used area and was observed engaged in breeding behavior (e.g., aerial
courtship and territory defense).
Annual home range (F1, 7 = 9.46, P = 0.0179), core area (F1, 7 = 10.69, P = 0.0137)
and MWM (F1, 7 = 54.01, P = 0.0002) of juvenile RTHAs were greater (Table 4.8) and
differed significantly from adults. Mean annual home range estimate of juvenile RTHAs
(n = 6) was 11995.7 ha (SE = 3157.8; 2656.8 - 22771.4 ha) and core area 1888.3 ha (SE
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2619.9 - 7119.7 m) for juvenile RTHAs. Mean annual home range (14099.5 ha), core
area (2431.8 ha), and MWM (5990.1 m) were generally greater for juvenile females than
males (Tables 4.8 and 4.9). However, juvenile male 5637 achieved the greatest annual
home range (22771.4 ha, Figure 4.5), while juvenile females 5583 and 5786 achieved the
greatest core area and MWM estimates with 3547.3 ha and 7119.7 m, respectively
(Figures 4.6 and 4.7). While annual home range, core area, and MWM estimates were
greater for females, these differences were not significant (HR, F1, 7 = 0.32, P = 0.5872;
CA, F1, 7 = 1.01, P = 0.3494; MWM, F1, 7 = 4.83, P = 0.0640) nor were the interactions
between age and sex (HR, F1, 7 = 0.28, P = 0.6112; CA, F1, 7 = 0.85, P = 0.3874; MWM,
F1, 7 = 4.60, P = 0.0691).
I determined breeding season home range (95% BHR) and core area (50% BHR)
for 9 radiomarked RTHAs (Figures 4.7 - 4.15). Three juvenile RTHAs (5611, 5637 and
5583) were excluded from breeding season home range analysis due to insufficient
telemetry locations (Table 4.5). However, I used all RTHAs (n = 12) to estimate mean
weekly movements because these locations were recorded during a 5-month period and
represented movements of RTHAs during the breeding season. The breeding season
home range, core area, and MWM estimates of the single AHY individual captured were
2837.9 ha, 314.1 ha, and 1255.6 m, respectively. Mean 95% BHR and 50% BHR size for
RTHAs used in the analysis (Table 4.8) was 2404.9 ha (SE = 1243.9; 46.2-11539.4 ha)
and 291.2 ha (SE = 144.9; 3.1-1359.6 ha). The breeding season estimate of mean weekly
movement for all 12 RTHAs was 2581.0 m (SE = 791.3; 406.8-10402.0 m).
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and 711.7 ha) was considerably greater and significantly different (HR, t6 = -2.76, P =
0.0329, and CA, t6 = -2.81, P = 0.0306) from the 5 adult RTHAs (HR 191.3 ha and CA;
34.3 ha). I found no difference in breeding season home range and core area estimates
between male and female RTHAs (95% BHR; t6 = 0.47, P = 0.6553 and 50% BHR; t6 =
0.50, P = 0.6346). Mean weekly movements during the breeding season differed
between juvenile (n = 6; 4321.4 m) and adult (n = 5; 757.6 m) RTHAs (F1, 7 = 6.50, P =
0.0381). There was no significant difference (F1, 7 = 0.83, P = 0.3937) in mean weekly
movements between males and females or the interaction between gender and age (F1, 7 =
0.81, P = 0.3983).
Similar to annual home range estimates, breeding season estimates were greater
for adult female RTHAs than for adult males, however, there was no significant
difference by gender (95% BHR; t3 = 0.85, P = 0.4574 and 50% BHR; t3 = 1.12, P =
0.3426) (Tables 4.8 and 4.9). The 95% BHR and 50% BHR estimates were 304.3 ha and
90.3 ha, respectively, for adult female 5768. These were 46% and 77% greater than the
breeding season home range and core area estimated for adults. In contrast, adult male
5732 had the lesser 95% BHR (46.2 ha) and 50% BHR (3.1 ha) of all adult RTHAs
(Figure 4.9). The mean 95% BHR size, and 50% BHR of 2 juvenile males were 3155.2
ha (SE = 1027.7; 2127.5 - 4182.8 ha) and 387.7 ha (SE = 95.2; 292.5 - 484.9)
respectively. I collected enough locations for one juvenile female (5786) during the
breeding season. This female achieved the greatest 95% BHR (11539.4 ha), 50% BHR
(1359.6 ha) and MWM (10402.0 m).
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estimated for 7 RTHAs (Figures 4.4 – 4.10). Five RTHAs including 1 AHY (5935), 2
ASY (5703 and 5685), and 2 HY (5845 and 5658) were excluded from analysis due to
insufficient telemetry locations (Table 4.5). However, I determined mean weekly
movements during the non-breeding season for all 12 RTHAs. Mean 95% NBHR and
50% NBHR for 7 RTHAs was 10672.1 ha (SE = 4310.7; 172.0 - 28446.1 ha) and 1951.3
ha (SE = 854.3; 29.2 - 5383.8 ha). Weekly movements during this season for all 12 birds
averaged 2855.4 m. Mean home range, core area, and MWM during the non-breeding
season for juvenile RTHAs were 18236.2 ha (95%, SE = 9045.9; 6481.1 - 28446.1 ha),
3337.4 ha (50%, SE = 2056.7; 1075.6 - 5383.8 ha) and 4820.9 m (SE = 677.1; 2619.9 7119.7 m). The estimates of home range, core area, and MWM for juveniles RTHAs
were greater during the non-breeding compared to the breeding season (Table 4.8), albeit
not significantly (95% NBHR, t4 = -1.68, P = 0.1677; 50% NBHR, t4 = -1.71, P =
0.1625; MWM (t10 = -0.35, P = 0.7363). The 95% and 50% NBHR, and MWM of adult
RTHAs were 586.6 ha (SE = 397.8; 172.0 - 1381.9 ha), 103.1 ha (SE = 71.2; 29.2 - 245.6
ha) and 792.3 m (SE = 96.3; 542.6 - 1119.5 m). There was a significant difference in
95% NBHR (t5 = -3.29, P = 0.0217), 50% NBHR (t5 = -2.71, P = 0.0421) and MWM (F1,
7

= 27.63, P = 0.0012) between juvenile and adult RTHAs. However, I found no

significant difference between males and females during the non-breeding season in
home range (t5 = -0.50, P = 0.6373), core area (t5 = -0.31, P = 0.7662), and MWM (F1, 7
= 1.77, P = 0.2249). Juvenile male 5637 had the largest 95% NBHR (28446.1 ha).
While adult home range, core area, and MWM were greater during the non-breeding

-67season (Table 4.8), I found no significant difference between seasons (95% NBHR, t6 = 1.33, P = 0.2311; 50% NBHR, t6 = -1.24, P = 0.2624; MWM, t8 = -0.22, P = 0.8336).
I detected core area shifts during the breeding season (BS) and non-breeding
season (NBS) for 6 (3 HY, 2 ASY, 1 AHY) RTHAs. For RTHA 5768 (ASY) I detected
significant core area shifts from the 2003 NBS to 2004 BS (δ = -4.31, P = 0.0058).
However, there was no significant core area shift for this bird from the 2004 BS to 2004
NBS (δ = -0.41, P = 0.1677), nor from the 2003 NBS to 2004 NBS (δ = -1.51, P =
0.0798). The 63% decrease in core area use by RTHA 5768 from the 2003 non-breeding
season to the 2004 breeding season may be because this bird was unpaired during the
non-breeding season, and exhibited greater weekly movements during that season (Table
4.9). RTHA 5732 (ASY) exhibited significant core area shifts from the 2003 NBS to
2004 BS (δ = -6.46, P ≤ 0.001), as well as from the 2004 BS to 2004 NBS (δ = -8.84, P <
0.001). Furthermore, I found a slightly signific5rant core area shift for the 2003 NBS to
2004 NBS (δ = -2.09, P = 0.0432). This bird used three different areas within his home
range. During the 2003 non-breeding season his core area was situated 428.4 m from the
nest. However, during the breeding season it moved and his core area was situated
around the nest. The bird then moved south approximately 200 m from the nest during
the 2004 non-breeding season. His 91% decrease in core area use from the 2003 nonbreeding season to the 2004 breeding season may be explained by the parental care
behavior and his responsibility in the usual nest-related activities.
RTHA 5845 (HY) also exhibited significant core area shifts from the 2003 NBS
to 2004 BS (δ = -6.37, P = 0.0010), and 2003 NBS to 2004 NBS (δ = -2.31, P = 0.0384).
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NBS (δ = 0.53, P = 0.6238). A significant core area shift was also found for RTHA 5935
(AHY; δ = -2.18, P = 0.0376) and 5658 (HY; δ = -10.21, P < 0.001) from the 2004 BS to
2004 NBS. For RTHA 5637 (HY) I detected significant core area shifts from the 2003
NBS to 2004 BS (δ = -6.05, P = 0.002). I calculated the mean distance between breeding
season and non-breeding season centroid for adults (358.4 m; SE = 55.9, 227.5-497.3 m)
and juveniles (2434.2 m; SE = 1091.0, 461.3-6729.6 m). Distance between breeding
season and non-breeding season centroids of RTHA 5935 was 101.4 m. Moreover, I
located one active nest (RTHA 5732) and one non-active (RTHA 5875) nest during 2004.
Juvenile RTHAs 5845 and 5637 exhibited two separate non-overlapping core use
areas during the breeding and non-breeding seasons. Distance between centroids was 1.8
km and 24 km for RTHA 5845 and 5637. The appearance of two centroids during the
breeding and non-breeding season and the large core area shifts (6.7 km and 1.0 km)
could be a function of difficulty acquiring territories in an area saturated with
conspecifics. Distance between breeding season centroid and trapping site was 5.5 km
and 15.4 km for RTHAs 5845 and 5637, respectively. Because of high RTHA density in
my study area, these juveniles may have been unable to acquire a territory close to their
natal area and were forced to move larger distances.
I examined mean weekly movements of adult and juvenile RTHAs during 3
month intervals of the breeding (early and late) and non-breeding seasons (post-breeding
and pre-breeding). Mean weekly movements of juveniles (Figure 4.20) increased during
the early breeding (5005.2 m) and the pre-breeding seasons (5325.6 m). However, during
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non-breeding season, juvenile MWMs increased by 22%. In contrast, MWMs of adults
(Figure 4.21) increased during the early breeding season (690.9 m) and post-breeding
season (736.4 m). The least MWM for adults occurred during the pre-breeding season
(626.0 m). Mean weekly movements between juvenile and adults differed in the late
breeding (t8 = -4.33, P = 0.0025), post-breeding (t9 = -4.03, P = 0.0033) and pre-breeding
seasons (t6 = -2.77, P = 0.0322).
Red-tailed Hawks moved on average a maximum distance of 16830.9 m (SE =
5190.5; 1630.4 - 57252.2 m) from trapping sites, and 15550.1 m (SE = 4510.9; 2197.9 47588.9m) from breeding season centroids. Juveniles moved on average a maximum
distance of 28858.6 m (SE = 7650.1; 9581.0 - 57252.2 m) from trapping sites, and an
average of 26760.8 m (SE = 6188.6; 8635.6 - 47588.9 m) from breeding season
centroids. Adults (n = 5) moved an average of 3861.5 m (SE = 1376.9; 1630.4 - 9218.0
m) from trapping sites, and 4058.8 m (SE = 1151.2; 2197.9 - 8540.5 m) from breeding
season centroids. I located two juvenile females (5583 and 5786) a maximum distance of
57252.2 m and 46844.9 m from the trapping sites (Figures 4.6 and 4.7). The only AHY
bird in my sample moved a maximum distance of 9512.9 m and 5742.5 m from the
capture site and breeding season centroid (Figure 4.14).
I found significant differences by age in the maximum distance RTHAs traveled
from trapping sites (F1, 7 = 12.95, P = 0.009) and breeding season centroids (F1, 7 = 13.80,
P = 0.008). Adult and juvenile males moved an average maximum distance from
trapping sites of 3127.7 m and 16732.9 m. I determined the average maximum distance
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centroids. Female RTHAs moved larger distances than males, however, I found no
significant differences in maximum distance moved from trapping sites by gender (F1, 7 =
3.33, P = 0.1108) or for the interaction between gender and age (F1, 7 = 2.72, P =
0.1430). Moreover, I found no significant difference between males and females in the
maximum distance moved from breeding season centroids (F1, 7 = 2.49, P = 0.1583).
From 2003-2004 I located radiomarked hawks flying within the boundaries of Río
Abajo Forest. However, 98.3% of locations occurred outside the Río Abajo Forest
boundaries (Figure 4.17). Red-tailed hawks were located an average minimum distance
of 576.8 m (SE = 193.9; 1.98-1835.1 m) from the forest boundaries. Furthermore,
RTHAs were located on average, a minimum distance of 3285.9 m from the parrot
proposed release site.

Survival
The first 5 models were compared to interpret factors influencing RTHA’s
monthly survival in the Río Abajo Forest region (Table 4.2). These 5 models received
strong support (∆AICc < 2.0) in the analysis. The next 3 models received moderate
support (5.0 < ∆AICc > 2.0). Because the best model {S (.)} contributed just 34% of the
AICc weight, I used the model averaging option in MARK to account between models
uncertainty to generate the best estimate of average monthly survival. Apparent monthly
survival during the 14-month interval was 0.99 (95% CI = 0.94 - 0.99) and 0.98 (95% CI
= 0.90 - 0.99) for adult and juvenile RTHAs (Figures 4.22 and 4.23). Moreover, I
documented an annual survival of 0.82 (95% CI = 0.28 - 0.89) for juveniles and 0.87
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region was 0.89 (95% CI = 0.54 - 0.89).
Based on the best model {S (.)}, there was strong evidence (β = 1.36; SE = 0.07,
95% CI = 1.21, 1.51) that apparent monthly survival of RTHAs in the moist karst region
remained almost constant through the study period. All RTHA age classes had high
survival rates through the 14-month interval (Figures 4.22 and 4.23). There also was
weak evidence for linear time trends (βT = -0.06; SE = 0.19, 95% CI = -0.45, 0.33), and
gender effect (βgender = -0.27; SE = 1.13, 95% CI = -2.47, 1.94) on RTHA monthly
survival. Models including an additive effect of age class received moderate support
(sum of weights = 0.3622). However, because 95% CI included zero there was not
evidence that age class had a significant effect on RTHAs survival (βage = 0.53; SE =
1.42, 95% CI = -2.26, 3.32). Moreover, when an age effect was added to the best model
it decreased by 1.91 ∆AICc units.
Furthermore, the model including age class increased by 0.07 ∆AICc units when a
season effect was added to the best model. However, there was no evidence of
significant season effect on RTHA monthly survival (βseason = 18.36; SE = 28.15, 95% CI
= -36.8, 40.5). Although there was no evidence of significant season effect, RTHA
apparent monthly survival slightly decreased during the 2004 breeding season months
(Figure 4.23). This could be a function of the number of RTHAs censored (i.e., 5583,
5637, 5786) during the breeding season (Table 4.3) and small sample size. Juvenile
female 5556 was censored in July 2003 due to transmitter failure. Four other RTHAs
were censored during the study: 5583 (July/04), 5637 (April/04), 5786 (July/04), and
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birds. I lost these birds following periods when they were flying large distances away
from the study area in short periods of time.

Spatial interactions
I determined static interactions for 12 RTHAs and 6 BWHAs in Río Abajo Forest.
Four RTHAs exhibited spatial interactions with 9 of 72 possible combinations in the
analysis. In 7 of those interactions, the movements of RTHAs and BWHAs were not
associated (Table 4.10). Movements of adult female RTHA 5703 during my study were
correlated positively with movements of juvenile BWHA 5123 tracked during 2001 2002 (Figure 4.24). This was the only adult RTHA that exhibited any type of association
with BWHAs. The area of home range overlap between these individuals occurred at the
western portion of the forest (Figure 4.24). Conversely, movements of juvenile RTHA
5786 during my study coincided with the area used by an adult female BWHA during the
2002 non-breeding season. However, the interaction between these individuals was
correlated negatively (Figure 4.25).
Hengstenberg (2003) reported this BWHA was the only adult female captured
during his research and her home range was divided into a nesting territory and a
disjunctive non-breeding area. Juvenile RTHA 5786 achieved the greatest mean weekly
movements during my study and was present in 6 of the 9 interactions between RTHAs
and BWHAs.
Core area of adjacent adult RTHAs did not overlap during the breeding season
(Figure 4.26). The home range of the female RTHA 5703 overlapped the home range of
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range of female 5703 by 96.3% during the breeding season. During the breeding season
the home range of RTHA 5732 (male) overlapped the home range of female RTHA 5768
by 0.18% and the home range of RTHA 5768 overlapped the home range of RTHA 5732
by 1.0%. However, because aggressions decrease during the non-breeding season, the
degree of overlap between home ranges increased to 4.7% (5768 overlapped 5732) and
28.5% (5732 overlapped 5768), respectively.

Discussion
The very time consuming trapping sessions during my study may have been
influenced by the location of trapping sites. Usually trapping sites were located close to
areas of high human activity (e.g., residential areas, roads), and the activities related with
these areas may have influenced RTHA behavior, causing trap avoidance. Bow-nets
were most effective for trapping RTHAs during my study. These were usually located in
open fields where RTHAs could see from a great distance. However, I believe the
modified bal-chatri could be just as effective if it is built high enough to allow for
constant movement of the bait in the trap. Most RTHAs were captured in open fields
rather than mixed forests or timber plantations (Table 4.3). Because RTHAs are
primarily perch hunters (Janes 1985), open fields provide edge habitat where hawks can
perch to search for prey. Open fields may influence prey capture, as well as prey
detection (Janes 1985). Hawks were captured mostly during the morning period (Table
4.3), which coincides with their flying activities, increasing the chance to detect prey in
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during midday in the Caribbean National Forest (CNF).
The frequency of RTHA perching activity (60%) reflects their hunting behavior
and is consistent with numerous other studies (Cone 1962, Janes 1985, Hoover and
Morrison 2005, Nimitz 2005). Raptor foraging behavior usually occurs in sites where
specific characteristics of habitat make prey more vulnerable or hunting more energy
efficient (Smith and Murphy 1973, Stinson 1980, Baker and Brooks 1981, Bechard 1982,
Janes 1985, Hoover and Morrison 2005). Janes (1985) reported habitat selection patterns
among sites and species was highly influenced by perch densities, outcrops and landscape
topographic relief. Moreover, Janes (1985) documented RTHAs in North America
occupy areas with relatively high perch densities, as they are associated with perch
foraging rather than aerial foraging.
Red-tailed hawks used 35 different tree species within the study area and 3 other
substrates (i.e., rock wall, utility poles, snags) as perches (Table 4.7). During my study
hawks were usually located on elevated perch sites, suggesting they preferred an
unobstructed view of their surroundings (Titus and Mosher 1981). This should result in
improved hunting success and territory defense (Janes 1985, Santana and Temple 1988,
Nimitz 2005).
Although flapping behavior is uncommon in raptor species (Janes 1985), I located
RTHAs flapping (24.6%, n = 238) more often than thermal soaring (11.1%, n = 107;
Table 4.6). RTHAs were usually observed flapping when flying between haystack hills
and trying to cross rockwalls protected from prevailing winds or in situations of poor
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lacking favorable wind currents (Hoover and Morrison 2005). Frequent flapping
behavior in the karst region may be a function of topography because of the unique
landforms of the haystack hills and sinkholes add much relief to the landscape.
Flying activities increased during the early and pre-breeding season (Figure 4.16).
Furthermore, the early breeding season also increased the frequency of thermal soaring
behavior. This behavior is not commonly associated with foraging (Ballam 1984, Janes
1984), and raptors often use it for energy-efficient flights (Janes 1985, Dunne et al. 1988,
Hoover and Morrison 2005). This activity may be typical behavior for RTHAs during
the breeding season. In the early breeding season, thermal soaring is much more frequent
than other times of the year. Paired RTHAs spent more time in flight engaged in
territorial defense and aerial courtship, while unpaired RTHAs moved away from paired
RTHAs territories (Janes 1985). Other studies (Hoover and Morrison 2005) have
suggested available wind currents within a study area can also explain seasonal
differences in activity. Moreover, Hoover and Morrison (2005) reported they observed
hawks during summer months engaged in aerial hunting more often than perch hunting,
when wind speeds were greatest and updrafts most abundant. I observed RTHAs aerial
hunting more often than perch hunting during the post-breeding season (summer months).
This may be behavior typical of the post fledging dependency period (PFD), when adults
spent most of the time hunting and flying with their offspring. During the PFD period
adult RTHAs attacked traps first, followed by their offspring about 15 minutes later.
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on the suitability of habitats surrounding the forest, prey and perch sites. Preston (1990)
observed RTHAs interacting with other raptor species, and found that their foraging
distribution was based predominately on perch availability. Perch availability also was a
separating factor in habitat use of the Swainson's hawk (Buteo swainsoni) compared to
sympatric RTHAs (Rothfels and Lein 1983, Janes 1994, Bosakowski et al. 1996, Gatto
2002). Furthermore, RTHAs distribution and location may be highly influenced by
distribution of Broad-winged Hawks (BWHA) in this region. Hengstenberg (2003)
documented BWHA successfully displaced RTHAs when an intruding RTHA entered an
occupied BWHA territory in the Río Abajo Forest. Furthermore, in 7 of 9 spatial
interactions between radiomarked RTHAs and BWHAs within the Río Abajo Forest, the
movements of these raptor species were not associated. Overall, my results of spatial
interactions indicated radiomarked RTHAs avoided areas used by BWHAs. This
suggests RTHAs and BWHAs may have different habitat and food requirements in this
region.
Mean home range and core area size for RTHAs in the moist karst region were
similar to those reported for similar sized raptors in temperate regions (Boal et al. 2003,
Reynolds et al. 1992, Walls et al. 1999). Janes (1985) reported RTHA home range
ranged from 218 ha to 308 ha in North America. The breeding season home range of
paired RTHAs in North America ranged from 390 ha to 1890 ha (Anderson and Rongstad
1989, Boal et al. 2003, Petersen 1979, Smith et al. 2003). In contrast, in the moist karst
region mean home range and core area of paired RTHAs were 191.3 ha and 34.3 ha,
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North America (241 ha) and CNF (124.3 ha). Santana and Temple (1988) reported a
RTHA home range of 263.0 ha for moist forests of northeastern Puerto Rico.
Annual, breeding and non-breeding season home range size estimates (Table 4.9)
of RTHAs in the moist karst region of north-central Puerto Rico were approximately 91%
smaller than estimates reported for the CNF during 2001 - 2002 (Nimitz 2005). Annual
home range and core area of paired RTHAs at CNF were estimated in 6034.6 ha and
777.8 ha (Nimitz 2005). Red-tailed hawk home range estimates in the moist karst region
were similar to those reported for the BWHA (106.6 ha) in Río Abajo Forest
(Hengstenberg 2003), and Red-shouldered Hawk (Buteo lineatus) in Ohio, USA (165.0
ha; Dykstra et al. 2001). Nimitz (2005) suggested daily optimum soaring conditions
generated by the northeast trade winds combined with reduced wing loading and aspect
ratio of RTHAs in Puerto Rico facilitated large movements and home range in the CNF.
However, in the moist karst region RTHAs have reduced space requirements compared to
the eastern Luquillo Mountains of Puerto Rico.
Reduced space requirements in the moist karst region may be a function of
landscape structure (topography) and high RTHA population density. Several studies
have also suggested territory compression may be a function of high prey abundance
(Peery 2000, Janes 1985, Hengstenberg 2003). The unique topography of this region
may allow hawks to maintain relatively small and exclusive home ranges. The
topography of this region adds much relief to the landscape, creating small areas between
haystack hills that may harbor high concentrations of prey. Several studies have
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densities of individuals (Boal and Mannan 1998, Tubbs 1974, Peery 2000). Newton
(1986) reported Sparrow Hawks (Accipiter nisus) in Scotland were more sedentary as
prey became more abundant, and ranged widely when prey was scarce. Furthermore,
high population density (0.38 RTHA pairs/km2) may increase competition resulting in
territory compression and smaller home ranges. Interactions with competing raptor
species imply a given species may not exploit the full range of available habitats in the
absence of competitive pressure (Janes 1984). The estimate of annual home range of 254
ha (2.5 km2) obtained from radiomarked individuals coincides with the total area required
by RTHA pairs mapped in this region (2.6 km2), suggesting RTHAs in this region
maintained exclusive and compressed territories year-round.
Similar with the most recent study conducted in the CNF (Nimitz 2005), mean
annual, breeding season, and non-breeding season home range estimates for paired and
unpaired female RTHAs in my study were greater than for males. Females in the moist
karst region averaged 953.9 g and males averaged 732.7 g, with females about 23%
(221.2 g) heavier than males (Table 4.1). This coincided with information reported by
Preston and Beane (1993), where they documented female RTHAs are on average 20%
heavier than males. Usually, larger individuals have greater energetic requirements and
exhibit larger home ranges (Peery 2000).
Unpaired raptors have been reported to have larger home ranges (Bloom et al.
1993, Nimitz 2005). Juvenile RTHAs in the moist karst region exhibited breeding and
non-breeding season home ranges that were approximately 97% greater than adults.
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become independent from their parents. Additionally, being unpaired allows them to
wander over larger areas in search of prey. Moreover, lack of familiarity with the areas
used by juveniles within their home ranges may have promoted more exploration,
consequently larger movements (Mannan and Boal 2000). In general, mean home range
size of juvenile females was greater than males. However, juvenile male 5637 exhibited
the largest annual and non-breeding season home range. Other researches also have
documented juvenile males exhibiting larger home ranges compared to females (Bloom
et al. 1993, Mannan and Boal 2000). This could be related to faster flight feather
development, and earlier fledging and dispersal of juvenile male RTHAs (Nimitz 2005).
Adult RTHAs maintained and defended small territories year round during my
study. Increased efficiency in foraging with increasing age is common in birds
(Wunderle 1991). Therefore, I suggest the small territories of adult RTHAs may reflect
increased familiarity with a new territory (Mannan and Boal 2000). Adult male 5732
exhibited a breeding season home range of 46.2 ha and a core area of 3.1 ha (Table 4.8).
These were the smallest home range estimates in my study area. This could reflect
individual variation of this adult male. Nevertheless, the territory of this hawk was
located in the area with the greatest RTHA breeding density in my study region (Figure
3.6). Although male RTHAs during the breeding season mainly provision food for the
female and protect the nesting territory, I frequently observed this bird incubating,
sometimes for up to 81 minutes. If it was not incubating at the nest, he would provide
food for his mate, usually every 45 minutes. Apparently, the small home range and core

-80area of this bird may have been influenced by active incubating activities. Across the
breeding season this RTHA maintained mean movements within 280 m of his nest site.
This distance may reflect the space required by a RTHA pair to communicate, while
engaged in other activities away from the nest site.
Mean home range, core area and MWM were greater during the non-breeding
season, albeit these differences were not significant. Furthermore, I detected core area
shifts between seasons for 6 radiomarked RTHAs and documented a high degree of home
range overlap during my study (Figures 4.18, 4.26, and 4.27). This coincided with
information reported by Nimitz (2005) for RTHAs at CNF and studies in North America
(Hargis et al. 1994, Drennan and Beier 2003, Mannan and Boal 2000) with other
members of the family Accipitridae. Northern Goshawks (Accipiter gentilis) and
Cooper’s Hawks (Accipiter cooperii) exhibited core area use shifts and high degree of
home range overlap between seasons. This may be a function of the seasonally changing
behavior of raptors. Newton (1986) documented home range overlap could fluctuate
among different stages of the annual cycle. During the non-breeding season, RTHAs not
engaged in reproductive activities such as nest defense, nest maintenance and nest
vigilance become more tolerant of intruders. Avoidance of offspring and fluctuating
resources within home ranges also may explain the observed post-breeding core use area
shifts. Nimitz (2005) reported an adult male RTHA chased repeatedly by his offspring.
High overlap could be also function of high RTHA population density in a
relatively small area. Because home range is highly influenced by energetics, it may not
be effective to defend a large home range while encountering numerous conspecific on a
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relatively exclusive territories. Overlap was limited to the outside borders of their
respective home range during the breeding and non-breeding season (Figure 4.26).
Because during the non-breeding season adults are more tolerant of conspecifics, core
areas may overlap (Figure 4.27). Because the density of nesting raptors in an area is
largely influenced by quality and availability of resources required for breeding such as
nest sites and food (Newton 1986), home ranges and overlap among adjacent adult
RTHAs may change as a result of increased favorable conditions (Mannan and Boal
2000). High degree of spatial overlap also may be explained by high prey availability
(Rivera-Milán 1992, Zwank and Layton 1989), and territory compression.
Red-tailed hawks in the moist karst region demonstrated the ability to move large
distances. Results of mean weekly movements (MWM) in the moist karst region (Table
4.9) were similar to those reported for the CNF (Nimitz 2005). Mean weekly movement
estimates of juvenile RTHAs were approximately 83% greater than estimates of adult
RTHAs during the breeding season, non-breeding season, and the entire study period.
This may be related to intraspecific aggression, territory acquisition, and natural dispersal
of juveniles searching for foraging areas (Bloom et al. 1993, Peery 2000). Moreover, my
results documented the ability of juvenile RTHAs to move large distances in a short
period of time. Juvenile female RTHA 5786 flew approximately 2.5 hrs and perched
approximately 45 km from its previous location.
I determined movement expansion from the breeding to the non-breeding season
for RTHAs in the moist karst region. Mean weekly movements of juveniles increased
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season includes September, October and November. During this period juveniles are
engaged in dispersion from natal areas following the post-fledging dependency period.
Furthermore, territory defense activities during the early breeding season increase
conflicts between RTHAs causing repulsion and resulting in increased movements.
Juvenile RTHAs decreased their movements in the late breeding season because during
these months territorial encounters between RTHAs intensified, and juveniles remained
in the same area, presumably to avoid contact with conspecifics. Adult RTHAs increased
their movements during the late and post-breeding season. This may be related to the
increasing energetic demands of offspring. The food requirements of breeding birds and
their offspring, generally peak as they develop from hatchlings to fledglings (Skutch
1976, O'Connor 1984). Other studies (Hargis et al. 1994) have reported movements and
home range size increased late in the breeding season. In contrast to juveniles,
movements of adult RTHAs decreased during the pre-breeding season, when they
become sedentary and tolerant of conspecifics, and remain foraging in the same area,
usually different from the breeding season area.
The estimates of maximum distance where RTHAs were located from trapping
sites and breeding season centroids were similar to those estimated for the CNF (Nimitz
2005). Red-tailed hawks during my study were located large distances from trapping
sites and breeding season centroids, and differed significantly between age classes.
These large distances traveled demonstrated their wide ranging tendencies and the
potential to exploit new territories. Although females moved larger distances than males,
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function of dominance status, individual variation and body size differences (Table 4.1).
Breeding season centroid of juvenile RTHAs was located an average distance of
14139.3 m from their trapping sites. Therefore, this distance demonstrated the ability of
juvenile RTHAs to forage in other areas and may have contributed to the degree of range
overlap documented in my study. In contrast, breeding season centroid of adult RTHAs
was located much closer to trapping sites. These distances suggested adult RTHAs in the
moist karst region remain close to their core areas year-round, and may be related to the
maximum distance an adult will move from the nest to hunt.
Radiomarked adult RTHAs in the moist karst region were located an average
maximum distance of 4.1 km from the breeding season centroid or nest, if found. This
estimate is less than estimates for RTHAs at CNF (6.2 km) in eastern Puerto Rico
(Nimitz 2005). Marzluff et al. (1997) reported Prairie Falcons (Falco mexicanus) moved
21.7 km from the nest. Two paired RTHAs were located 3.2 km and 8.5 km from their
breeding season centroids, during the non-breeding season. However, these distances
decreased during the breeding season. High RTHA density, karst topography, and high
degree of home range overlap may restrict RTHAs to defend exclusive territories and
forage close to their core area. The ability of RTHAs in the moist karst region to move
long distances quickly and forage within conspecific territories may have negative
consequences for parrots released in the Río Abajo Forest. Adult and juvenile RTHAs
were respectively located an average minimum distance of 4.8 km and 3.3 km from the
proposed parrot release site, and an average minimum distance of 576.8 m from the forest

-84boundaries. Red-tailed hawks in my study used the areas outside the forest more often
than inside the forest. This suggested RTHAs in this region may prefer the habitat
associations provided by areas outside the reserve, rather than the relatively large tracts of
closed canopy forests typically found inside Río Abajo Forest.
Red-tailed Hawk survival remained constant throughout the year in north-central
Puerto Rico. The high survival of RTHAs in this region may be related with their ability
to move large distances, acquire food resources, and exploit new areas (Mañosa et al.
1998, Ellsworth and Belthoff 1999), as well as success during the hatching and fledging
stages (Andersen 1990). A raptor moves through the landscape in a way that maximizes
its survival (Weidensaul 2000). Annual survival estimates reported during my study
were greater than those determined in the CNF between 1981 and 1983 (Santana and
Temple 1988). However, monthly survivals were similar to the most recent RTHA
estimates in the CNF.
Santana and Temple (1988) reported 27% first-year survival for juvenile RTHAs
at CNF and suggested an adult survival of 82% and 91% for moist lowlands and
cloud/rain forests. However, these authors based their estimate on nest productivity data.
Adult annual survival was never determined empirically. Nimitz (2005) reported
monthly survival ranging between 0.95 and 0.98 for adult and juvenile RTHAs in the
CNF during 2001-2002. Conversely, survival estimates documented for my study were
greater than estimates reported in North America. Henny and Wight (1972) reported
adult RTHAs survival ranged between 82% and 85% in North America. Although there
was not a significant additive age effect, the averaged apparent annual survival was

-85slightly lower for juveniles than adults (Figures 4.22 and 4.23). This could be related to
the death of juvenile female 5611, the only radiomarked RTHA found dead during the
study. The high and constant annual survival of RTHAs in the moist karst region may
have negative effects in the post-release dispersal and establishment of parrots because
encounters between RTHAs and parrots may increase as parrots venture beyond forest
boundaries.
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324.3 (11.2; 260.0-350.0)
196.1 (2.6; 190.0-210.0)
37.4 (2.3; 28.8-48.8)
9.8 (0.2; 9.2-10.8)

Wing chord (cm)

Tail length (cm)

Deck feather (mm)

Tarsus width (mm)

24.6 (0.5; 22.5-25.7)
17.8 (0.5; 15.9-19.7)
27.3 (0.4; 25.6-28.6)
1.6 (0.2; 1.0-2.0)
1.4 (0.2; 1.0-2.0)

Bill length (mm)

Bill depth (mm)

Hallux length (mm)

Keel fat (1-3)

Wing pit fat (0-3)

length (mm)

85.7 (0.8; 83.0-89.0)

110.5 (1.1; 106.7-114.3)

Wingspan (cm)

Tarsometatarsus

732.7 (24.8; 640.0-810.0)

Net weight (g)

1.2 (0.2; 0.0-3.0)

1.5 (0.2; 1.0-3.0)

30.1 (0.2; 29.1-32.0)

18.9 (0.3; 18.0-21.6)

26.9 (0.3; 25.6-28.5)

88.3 (1.3; 81.1-95.4)

11.2 (0.1; 10.4-11.7)

40.1 (0.9; 35.8-45.7)

204.1 (1.5; 195.0-215.0)

359.2 (2.95; 345.0-381.0)

116.2 (0.99; 110.5-121.9)

953.9 (18.3; 832.5-1088.0)

0.8 (0.2; 0.0-1.0)

1.2 (0.2; 1.0-2.0)

29.6 (0.6; 27.9-32.0)

18.9 (0.7; 17.3-21.6)

28.1 (0.8; 23.6-28.5)

89.0 (0.7; 87.5-91.3)

10.9 (0.4; 9.5-11.6)

40.6 (2.1; 37.0-48.8)

199.7 (2.6; 192.0 - 205.0)

358.9 (7.2; 340.0-381.0)

117.4 (1.9; 111.8-121.9)

876.3 (46.7; 750.0-985.0)

1.5 (0.2; 1.0-3.0)

1.7 (0.2; 1.0-3.0)

28.8 (0.5; 25.6-30.9)

18.2 (0.3; 15.9-19.7)

25.8 (0.4; 22.5-27.9)

87.1 (1.2; 81.1-95.4)

10.6 (0.2; 9.2-11.7)

38.4 (1.2; 28.8-45.7)

202.1 (2.1; 190.0-215.0)

340.8 (7.8; 260.0-370.0)

112.9 (1.1; 106.7-119.4)

863.4 (38.6; 640.0-1088.0)

Table 4.1. Mean morphological measurements, standard error and range for female (n = 12), male (n = 7), adult (n = 5) and
juvenile (n = 13) Red-tailed Hawks (RTHA) captured (n = 19) in Río Abajo Forest region during 2003-2004 (Vekasy et
al. 2002). After hatch year RTHA (5935) was used to calculate mean of female RTHAs.
Morphological
Male
Female
Adult
Juvenile
characteristic
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AICc
23.99
25.84
25.91
25.96
25.99
27.88
27.92
27.99

Model

{S (.)}

{S (age + season)}

{S (age)}

{S (T)}

{S (gender)}

{S (age + T)}

{S (age + gender)}

{S (gender + T)}

4.00

3.92

3.88

1.99

1.96

1.91

1.84

0.00

∆-AICc

0.046

0.048

0.049

0.125

0.127

0.131

0.135

0.339

AICc Weight

3

3

3

2

2

2

3

1

# Parameters

21.86

21.79

21.75

21.92

21.89

21.84

19.70

21.98

Deviance

Table 4.2. Summary of model selection results for the monthly survival of Red-tailed Hawks in Río Abajo Forest region, Puerto
Rico during 2003-2004.
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Bird
Date
Time
Time
No.
Days
Trap
Trapping site
Agea
Genderb
Trapping site
c
d
Id
captured
captured
release
locations monitored
type
habitat
5611
HY
F
07/10/03
AEE
0945
1121
67
243
BN
open field
5637
HY
M
07/14/03
Bello-3
1423
1551
62
284
BN
open field
5556
HY
F
07/16/03
Bello-3
1200
1346
4
8
BN
open field
5583
HY
F
07/23/03
Perdices-Fin
0955
1105
34
350
BCH
open field
5786
HY
F
08/27/03
Bello-2
1005
1117
71
330
*BCH
mixed forest
5900
HY
M
09/04/03
Bello-2
1000
1120
23
55
*BCH
mixed forest
5875
ASY
F
09/18/03
Modesto-2
1030
1148
82
360
BN
open field
5732
ASY
M
10/15/03
Lago
1103
1215
103
351
BN
open field
5768
ASY
F
11/06/03
Lago
1030
1250
83
329
BN
open field
5845
HY
M
12/16/03
Lago
1335
1436
58
283
BN
open field
0024
HY
F
02/03/04
Perdices-Fin
1101
1137
*BCH
open field
5658
HY
M
02/04/04
Cardona
1300
1406
47
233
BN
open field
5685
ASY
M
02/06/04
Nepos-2
1255
1409
45
188
*BCH
open field
0025
HY
M
03/05/04
Carodna
1036
1106
BN
open field
0028
HY
F
03/05/04
Cardona
1234
1256
BN
open field
5935
AHY
F
03/12/04
Félix
1550
1659
34
196
BN
open field
0029
HY
F
03/12/04
Félix
1311
1338
BN
open field
5703
ASY
F
03/30/04
Nepos-3
1039
1142
34
135
BN
open field
0030
HY
F
04/06/04
Nepos-3
1045
1106
BN
open field
a) HY=hatch year, AHY=after hatch year, ASY=after second year; b) F=females, M=males; c) Total locations used to estimate home range
(95%), core area (50%) size and movements; d) BN = bow-net trap, BCH = bal-chatri, *BCH = modified bal-chatri.

Table 4.3. Animal capture and radio-tracking information of Red-tailed Hawks in Río Abajo Forest region, Puerto Rico during
2003-2004.
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DF
12
12
12
12
12
12
12
12
12
12

Morphological characteristics

Net weight

Wingspan

Wing chord

Tail length

Deck feather

Tarsus width

Tarsometatarsus length

Bill length

Bill depth

Hallux length

5.32

1.79

4.88

2.00

5.90

1.02

2.48

3.42

3.55

6.05

t value

0.0002

0.0982

0.0004

0.0682

< 0.0001

0.3299

0.0290

0.0051

0.0040

< 0.0001

p - value

Table 4.4. Differences in morphological measurements between female and male Red-tailed Hawks (RTHA). Female RTHAs
showed larger values for every morphological measurement and differed from male RTHAs in seven of the variables.
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HY

ASY

ASY

ASY

HY

HY

ASY

AHY

5900

5875

5732

5768

5845

5658

5685

5935

F

M

M

M

F

M

F

M

F

27

31

45

44

81

99

79

6

53

31

7

14

2

14

2

4

3

0

18

3

0

4

5

6

4

5

9

15

17

46

10

2

45

38

50

53

62

88

112

97

23

117

44

4

107

25

31

23

44

48

50

12

60

19

3

65

25

22

39

44

64

47

11

57

25

1

42

13

HY

5786

F

2

12

5703
ASY
F
24
10
1
35
22
a) HY=hatch year, AHY=after hatch year, ASY=after second year; b) F=females, M=males

HY

5583

F

50

17

HY

5556

M

21

HY

5637

62.8

55.3

50.0

58.4

37.1

50.0

42.8

51.5

52.2

51.3

43.2

75.0

60.7

37.2

44.7

50.0

41.6

62.9

50.0

57.2

48.5

47.8

48.7

56.8

25.0

39.3

Table 4.5. Radio telemetry locations of radiomarked Red-tailed Hawks (n = 14) captured in Río Abajo Forest region during 2003-2004.
Visual
Triangulated
Other
Number of
Morning
Afternoon % Morning % Afternoon
Bird Id
Agea
Genderb
locations
locations
locations
locations
locations
locations
locations
locations
5611
HY
F
57
10
71
138
75
63
54.3
45.7
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Table 4.6. Time period specific activities of Red-tailed Hawks captured in Río Abajo Forest region during 2003-2004.
Locations
Thermal
Other
%
%
% Thermal
% Other
Time
per time
Perched Flapping
soaring
Activities Perched
Flapping
soaring
Activities
period
period
0600-0900
101
76
20
5
0
75.2
19.8
4.9
0.0
0901-1200
401
225
110
45
21
56.1
27.4
11.2
5.2
1201-1500
335
191
84
44
16
57.0
25.1
13.1
4.8
1501-1800
124
78
23
12
11
62.9
18.6
9.7
8.8
1801-2100
7
5
1
1
0
71.4
14.3
14.3
0.0
Total
968
575
238
107
48
59.4
24.6
11.1
4.9

-98-

-99Table 4.7. Perch sites used and percentage used by radiomarked Red-tailed Hawks
during 2003-2004.
Scientific name

No. Perched locations

% Perch site use

Spathodea campanulata

19

9.41

Cecropia schreberiana

19

9.41

Tabebuia heterophylla

6

2.97

Snags

23

11.39

Shefflera morototoni

22

10.89

Nectandra patens

3

1.49

Albizia procera

7

3.47

Inga vera

4

1.98

Spondias mombin

2

0.99

Cocos nucifera

7

3.47

Guarea ramiflora

2

0.99

Roystonea borinquena

7

3.47

Calophyllum calaba

3

1.49

Spondias dulcis

3

1.49

Guarea guidonia

3

1.49

Pithecellobium dulce

2

0.99

Andira inermis

2

0.99

Clusia rosea

5

2.48

Bucida buceras

2

0.99

Rock-walls

15

7.43

Light poles

12

5.94

Unknown

18

8.91

Other

16

7.92

HY

HY

HY

ASY

ASY

ASY

HY

HY

ASY

AHY

ASY

5637

5583

5786

5875

5732

5768

5845

5658

5685

5935

5703

F

F

M

M

M

F

M

F

F

F

M

F

Genderb

264.9

2049.0

224.9

4247.5

2656.8

522.1

114.9

146.9

10224.9

16049.6

22771.4

16024.0

37.5

184.3

24.9

599.6

446.4

130.8

11.4

23.8

1971.0

3547.3

2988.4

1777.0

95% AHR (ha)c 50% AHR (ha)d

230.5

2837.9

239.1

4182.8

2127.5

304.3

46.2

136.6

11539.4

95% BHR (ha)e

26.9

314.1

26.4

482.9

292.5

90.3

3.1

24.9

1359.6

50% BHR (ha)f

1381.9

205.9

172.0

6481.1

19976.0

28446.1

18041.7

95% NBHR (ha)g

245.6

34.5

29.2

1075.6

5383.8

4741.9

2148.3

50% NBHR (ha)h

a) HY= hatch year, AHY= after hatch year, ASY= after second year; b) F= females, M= males; c) Annual home range size; d) Annual core area size; e)
Breeding season home range size; f) Breeding season core area size; g) Non-breeding season home range size; h) Non-breeding season core area size

HY

Agea

5611

Id

Bird

Table 4.8. Annual, breeding season and non-breeding season home range (95%) size and core area (50%) size of radiomarked
Red-tailed Hawks (n=12) during 2003-2004.
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HY

HY

HY

ASY

ASY

ASY

HY

HY

ASY

AHY

ASY

5637

5583

5786

5875

5732

5768

5845

5658

5685

5935

5703

F

F

M

M

M

F

M

F

F

F

M

F

Gender

b

1053.4

1297.2

1032.0

2619.9

3468.9

731.6

534.7

649.5

7119.7

4695.6

4776.0

6154.9

MWMc

Annual

1005.2

1255.6

1092.9

2840.4

3339.8

676.7

406.8

606.4

10402.0

3970.0

2990.9

2385.3

BS MWM (m)

d

1119.5

1373.4

825.0

1980.9

3770.3

804.8

669.7

542.6

4822.1

5239.8

5757.7

7354.3

NB MWM (m)

e

2203.6

9512.9

2666.4

18292.1

9581.0

9218.0

3588.9

1630.4

46844.9

57252.3

22325.5

18855.9

Max. Dist. TS (m)

f

2197.9

5742.5

2578.6

18508.3

8635.6

8540.5

3248.1

3728.9

41828.1

47588.9

26808.1

17195.9

BS centroidg (m)

Max. Dist. 50%

1638.3

4840.9

1662.8

4349.7

3164.7

4312.6

4081.8

3323.3

1438.4

2897.3

3808.6

3915.0

siteh

PRPA release

Min. Dist.

a) HY= hatch year, AHY= after hatch year, ASY= after second year; b) F= females, M= males; c) Annual mean weekly movements; d) Breeding season
mean weekly movements; e) Non-breeding season mean weekly movements; f) Maximum distance RTHAs were located from trapping sites; g) Maximum
distance RTHAs were located from breeding season 50% centroid; h) Minimum distance RTHAs were located from Puerto Rican Parrot proposed release
site.

HY

Age

a

5611

Id

Bird

Table 4.9. Movement patterns of radiomarked (n = 12) Red-tailed Hawks captured in Río Abajo Forest region during 2003-2004.
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100.00
100.00
4.30
4.50
92.21
100.00
100.00
100.00

RTHA 5786 – BWHA 5520

RTHA 5786 – BWHA 5052

RTHA 5685 – BWHA 5123

RTHA 5703 – BWHA 5123

RTHA 5786 – BWHA 5123

RTHA 5786 – BWHA 5202

RTHA 5786 – BWHA 5167

RTHA 5786 – BWHA 5166

30

30

30

30

30

30

30

30

30

points

b

No. of random

47.13

17.71

11.97

38.65

0.33

6.73

44.88

0.99

8.30

Spearmans testc

Movements paths are not associated

Movements paths are not associated

Movements paths are not associated

Movements paths are not associated

Movements paths are positively associated

Movements paths are not associated

Movements paths are not associated

Movements paths are negatively associated

Movements paths are not associated

Decisiond

a) Degree of home range overlap; b) No. of random points in area of overlap; c) P = the proportion of interactions with higher distance averages given
α = 0.05, one tailed; d) H0= Movements path are not associated; Accept H0 = the points are not associated, Reject H0 = the points are negatively or positively
associated.

1.02

overlap (%)

a

Degree of HR

RTHA 5732 – BWHA 5520

Static Interaction

Table 4.10. Static interactions between 4 Red-tailed Hawks and 6 Broad-winged Hawks captured in Río Abajo Forest region
between 2001 and 2004.
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Successful trapping sites
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Streams

Rio Abajo Forest boundaries

Water
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Open pasture/Agricultural landscapes

Montane evergreen regenerating forest
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Forest habitats

Moist limestone forest region

Figure 4.1. Red-tailed Hawk trapping sites established in and around Río Abajo Forest during 2003 and 2004.
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95% HR area size (ha)
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1000
900
800
700
600
500
400
300
200
100
0

5875
5732
5768

0

10

20
30
No. Random locations in HRs

40

50

Figure 4.2: Minimum number of telemetry locations (n =20) required to stabilizing 95%
HR size of 3 after second year Red-tailed Hawks in Río Abajo Forest region
during 2003-2004.
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Figure 4.3: Minimum number of telemetry locations (n =20) required stabilizing 95%
HR size of 3 hatch year Red-tailed Hawks in Río Abajo Forest region during
2003- 2004.

3

6

12

18

24
Kilometers

Figure 4.4. Fixed kernel annual and non-breeding season home ranges of juvenile Red-tailed Hawk 5611 in Río
Abajo Forest, Puerto Rico in 2003-2004.
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Figure 4.5. Fixed kernel annual and non-breeding season home ranges of juvenile Red-tailed Hawk 5637 in Río Abajo
Forest, Puerto Rico in 2003-2004.
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Figure 4.6. Fixed kernel annual and non-breeding season home ranges of juvenile Red-tailed Hawk 5583 in dry forests
region of southern Puerto Rico in 2003-2004.
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Figure 4.7. Fixed kernel annual, breeding and non-breeding season home ranges of juvenile Red-tailed
Hawk 5786 in Río Abajo Forest, Puerto Rico in 2003-2004.
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Figure 4.8. Fixed kernel annual, breeding and non-breeding season home ranges of adult Red-tailed Hawk 5875 in
Río Abajo Forest, Puerto Rico in 2003-2004.
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Figure 4.9. Fixed kernel annual, breeding and non-breeding season home ranges of adult Red-tailed Hawk 5732 in
Río Abajo Forest, Puerto Rico in 2003-2004.
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Figure 4.10. Fixed kernel annual, breeding and non-breeding season home ranges of adult Red-tailed
Hawk 5768 in Río Abajo Forest, Puerto Rico in 2003-2004.
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Figure 4.11. Fixed kernel annual and breeding season home ranges of juvenile Red-tailed Hawk 5845
in Río Abajo Forest, Puerto Rico in 2003-2004.
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Figure 4.12. Fixed kernel annual and breeding season home ranges of juvenile Red-tailed Hawk 5658 in Río Abajo
Forest, Puerto Rico in 2003-2004.
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Figure 4.13. Fixed kernel annual and breeding season home ranges of adult Red-tailed Hawk 5685 in Río Abajo
Forest, Puerto Rico in 2003-2004.
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Figure 4.14. Fixed kernel annual and breeding season home ranges of adult Red-tailed Hawk 5935 in Río Abajo
Forest, Puerto Rico in 2003-2004.
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Figure 4.15. Fixed kernel annual and breeding season home ranges of adult Red-tailed Hawk 5703 in Río
Abajo Forest, Puerto Rico in 2003-2004.
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Figure 4.16. Flight and perch activities of Red-tailed Hawks by season at Río Abajo
Forest region, Puerto Rico between 2003 and 2004.
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Figure 4.17. Spatial distribution of radiomarked Red-tailed Hawk locations during 2003 and 2004 in north-central and
southern Puerto Rico.
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Figure 4.18. Fixed kernel annual home ranges of juvenile Red-tailed Hawks around Río Abajo Forest and dry forest region
of north-central and southern Puerto Rico during 2003 and 2004.
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Figure 4.19. Fixed kernel annual home ranges of adult Red-tailed Hawks in Río Abajo Forest, Puerto Rico in
2003-2004.
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Figure 4.20: Mean (± SE) weekly movements of hatch year radiomarked Red-tailed
Hawks (n =6) in a three-months period during 2003-2004. Pre-BS = prebreeding season (September-November), Early-BS = early breeding season
(December-February), Late-BS = late breeding season (March-May) and
Post-BS = post breeding season (June-August).

Figure 4.21: Mean (± SE) weekly movements of after second year radiomarked Redtailed Hawks (n = 6) in a three-months period during 2003-2004. Pre-BS =
pre-breeding season (September-November), Early-BS = early breeding
season (December-February), Late-BS = late breeding season (March-May)
and Post-BS = post breeding season (June-August).
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Figure 4.22: Model-averaged apparent monthly survival estimates with 95% CI of adult
Red-tailed Hawks in Río Abajo Forest region from July 2003 to September
2004.
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Figure 4.23: Model-averaged apparent monthly survival estimates with 95% CI of
juvenile Red-tailed Hawks in Río Abajo Forest region from July 2003 to
September 2004.
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Figure 4.24. Static interaction Red-tailed Hawk 5703 and Broad-winged Hawk 5123 positive movement
correlation.
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Figure 4.25. Static interaction Red-tailed Hawk 5786 and Broad-winged Hawk 5520 negatively movement
correlation.
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Figure 4.26. Fixed kernel 2004 breeding season home range of adjacent adult Red-tailed Hawks in Río Abajo
Forest, Puerto Rico. There was not a 50% kernel core area overlap between adjacent RTHA during
breeding season.
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Figure 4.27. Fixed kernel 2004 breeding season home range of adjacent adult Red-tailed Hawks (RTHA) in Río
Abajo Forest, Puerto Rico. There was a 50% kernel core area overlap between adjacent RTHAs
during breeding season.
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CHAPTER V
HABITAT USE

Introduction
Habitat is often characterized by a dominant vegetation type or physical
characteristic of the landscape that provides the individuals with adequate resources of
water, food, shelter and living space. Habitat use is defined as the quantity of vegetation
type used by an animal in a fixed period of time (Manly et al. 2002). The use of a
particular habitat by animals is often related to its availability in the environment.
Therefore, whenever habitats are used beyond their availability, we interpret this to
indicate preference over other habitats (Johnson 1980). Species presumably select
habitats that satisfy their life history requirements, ensure survival, and maximize fitness
(Manly et al. 2002). Selection of habitats involves a hierarchically–ordered series of
choices (Johnson 1980) during which an animal selects a geographic area (first-order),
habitat types within a geographic area (second-order), and specific microhabitats within a
habitat for activities such as reproduction, foraging, and resting (third-order). At each
level of selection a species may use different criteria to discriminate among available
habitats (Linkhart et al. 1998). Many factors contribute to resource selection (Peek
1986). These factors may include population density, natural selection, predation, and
components directly related to habitat composition such as habitat patch size, inter-patch
-127-

-128distances, and edge densities (Manly et al. 2002). Among raptorial birds habitat selection
is highly influenced by environmental aspects as well as factors influencing foraging
behavior, detection and capture of prey, location of nesting sites, and presence or absence
of predators and competitors (Janes 1985).
Previous studies concerning raptor habitat use have focused on microhabitat
variables such as tree characteristics, ground cover or perches, often measured at small
scales (Thiollay 1981, Titus and Mosher 1981, Janes 1985). However, radiotelemetry
and spatial information technologies (i.e., Geographic Information Systems) allow the
modeling of species distribution and abundance, as well as assessing large scale specieshabitat relationships (Vincent and Haworth 1983, Verner et al. 1986, Flather and Sauer
1996, Sánchez-Zapata and Calvo 1999). A common approach to the study of habitat
selection using radiotelemetry data involves comparing proportions of habitats used to
available habitat (Erickson et al. 2001). Recently, additional spatially driven resource
selection methods (Conner and Plowman 2001, Conner et al. 2003) have been developed
to test habitats use patterns. Moreover, Geographic Information Systems (GIS)
technology provides the capability to predict probability of habitat use by animals (Clark
et al. 1993, Erickson et al. 1998). Probability of use can be modeled using abundancebased or space-based approaches. Abundance-based approaches assume abundance
measures are positively related to habitat quality (Smith 2004). However, because spacebased approaches rely on animal movement as a measure of habitat use (e.g., amount,
structure, and spatial arrangement of habitat patches used by an animal), it more directly
reflects the use and therefore, the suitability of habitats (Smith 2004). The Red-tailed

-129Hawk is probably the most common raptor in North America. They typically occupy a
variety of habitats from closed to open areas interspersed with woodland (Preston and
Beane 1993). Red-tailed Hawks, like other large and highly mobile raptors move quickly
through their environment, characterized by markedly heterogeneous habitats (Preston
1990). Janes (1985) reported RTHAs occupy habitats nonrandomly and select those
habitats in North America was influenced by perch densities, topographic relief, prey
diversity and densities, and foraging behavior. They occupy areas with high densities of
perches, high topographic relief, diverse and abundant prey, and dense ground vegetation
cover. RTHA habitat selection and use in temperate North America have been well
described (Petersen 1979, Titus and Mosher 1981, Janes 1985, Preston 1990), however,
little is known about habitat use of Neotropical RTHA populations (Santana et al. 1986).
In Puerto Rico RTHAs are observed commonly in the interior forests of the
island, as well as the coastal plain. Santana and Temple (1988) reported RTHAs in
Puerto Rico have been sighted in all 6 ecological zones of the island. Few studies have
been conducted to describe RTHA habitat selection and use in Puerto Rico. Santana et
al. (1986) described nesting habits of RTHAs in four habitats of eastern Puerto Rico.
Recently, Nimitz (2005) quantified habitat preferences of RTHAs in the Caribbean
National Forest (CNF). Red-tailed Hawks used habitats within CNF nonrandomly and
were more associated with openings and roadside habitats (Nimitz 2005). Although a
few studies have addressed RTHA habitat use preferences in eastern Puerto Rico, no
information is available on habitat use and perch sites characteristics in forests proposed
for reintroduction of the Puerto Rican Parrot (PRPA) in north-central Puerto Rico.

-130Methods

Land cover database
I developed vector-based GIS coverages for Río Abajo Forest and adjacent lands
used by radiomarked RTHAs using ArcGIS 8.3 (ESRI 2001). The spatial data base was
generated by digitizing land cover polygons using 1999 geo-referenced aerial imagery,
digital topographic maps, ground truthing, and ancillary data from existing digital
coverages (Helmer et al. 2002). I used Universal Transverse Mercator, Zone 19
projection, and Puerto Rico datum.1927. I classified 9 habitat vegetation associations
based on similar structural characteristics (Table 5.1). Streams and roads in the study
area were digitized as line features in ArcGIS 8.3 (ESRI 2001). However, these were not
used in the analyses because area of roadside and stream habitat was not specified. I
further modified Helmer et al. (2002) habitat associations modified by Hengstenberg
(2003) into more concise habitat classes (Table 5.1).
The lower montane evergreen forest (LOWER_WET), montane evergreen forest
(MONT_FOREST) and montane evergreen regenerating forest (MONT_REGEN) habitat
associations were located within the volcanic region of north-central Puerto Rico. The
most apparent differences between these habitat associations were the successional stage
and geoclimatic zones where they were located. LOWER_WET habitats were
characterized by tall cloud mature wet/rain forests with almost no fragmentation. The
MONT_FOREST and MONT_REGEN habitats were dryer than LOWER_WET habitats
and characterized by dense forests, submontane vegetation, active and abandoned shade

-131coffee plantations, and shrub (Helmer et al. 2002). Conversely, the MONT_REGEN was
characterized by early successional regenerating forest areas.
Lowland moist seasonal evergreen forest (LOWLAND_MOIST), moist seasonal
evergreen forest (MOIST_FOREST), and moist seasonal evergreen forest/shrub
(MOIST_SHRUB) habitat associations were located within the northern karst region.
MOIST_SHRUB was characterized by vegetation typical of disturbed areas (e.g.,
grassland, ferns and scrublands) with early successional secondary forest and dry shrub
hill tops (Acevedo-Rodriguez and Axelrod 1999). The MOIST_FOREST habitat
association was characterized by subconical steep-sided hills, secondary mixed forests
and plantations with different degrees of development, depending on land use history and
edaphic conditions (Acevedo-Rodriguez and Axelrod 1999). The LOWLAND_MOIST
habitat was dryer than MOIST_FOREST and MOIST_SHRUB, and represented a
transition zone between the karst and volcanic regions of north-central Puerto Rico.
Helmer et al. (2002) documented forest vegetation in these regions becomes gradually
drier towards the coast, to the point where semi-deciduous forest (LOWLAND_MOIST)
dominates karst substrates and replaces the seasonal evergreen mosaic of more humid
regions (i.e., MOIST_FOREST and MOIST_SHRUB).
Urban, suburban, and development class (URBAN) principally included
residential and commercial areas. This habitat association was highly fragmented by
roads, houses, and development. Open pasture/agricultural landscapes (OPEN_AGRI)
habitats were characterized by abandoned and active agriculture, pastures, and open
areas. Water (WATER) included lakes and ponds within the study area.

-132Coverages were converted to grids with 30-meter cell size for use in the analyses
using the Spatial Analyst extension in ArcView 3.3 (ESRI 2002). I clipped all annual
home ranges to the land cover using the Geoprocessing Tools Wizard in ArcGIS 8.3
(ESRI 2001) to calculate area used in hectares of each habitat association for each RTHA
home range.

Habitat use
I used Euclidean distances (Conner and Plowman 2001, Conner et al. 2003)
within Johnson’s (1980) hierarchical resource selection framework to test the null
hypothesis that radiomarked RTHAs use habitats randomly (no selective use). This
procedure uses the individual as the sampling unit, does not require assigning the
radiomarked individual to a certain habitat type (Conner and Plowman 2001), and is
robust to location error (Conner and Plowman 2001). Because of small sample size, I
pooled locations across seasons and used RTHA annual home range (95% fixed kernel).
RTHA 5583 was not used in the analysis because it did not use the study area regularly.
This bird moved 57 km from the trapping site in Río Abajo Forest and did not return to
the study area (see Chapter IV).
I generated 30,000 random points from a uniform distribution using the Animal
Movement extension (Hooge and Eichenlaub 1999) in ArcView 3.3 (ESRI 2002) within
the study area. From these random points, I calculated a vector of mean distances (ri) to
the nearest patch of each habitat association using the Join and Relates option in ArcMap
(ESRI 2001). I repeated this procedure using the locations of each bird to produce a
vector of mean distances to the nearest habitat patch (ui). I created a vector of ratios (di)
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mean distance vector (ui) by the corresponding element in the random mean distance
vector (ri). If the habitat is used randomly, the distance of animal (ith) locations to each
habitat (ai) should equal the distance between random points and each habitat (ri);
therefore the ai:ri distance ratio should equal 1.0. If use was nonrandom, the distance
ratio ai:ri should be less or greater than 1.0. Element values (ρ) of the ratio vector < 1.0
indicate locations closer than expected to a habitat (selection), whereas element values >
1.0 indicate the habitat was used less than expected (avoidance). I used a multiple
analysis of variance (MANOVA) to assess non-random use and t-tests to determine
which habitats were used disproportionately (Conner and Plowman 2001). To assess
within home range habitat use (3rd order selection), I used the same animal mean distance
vectors previously calculated. However, mean distance animal vectors were divided by a
mean distance vector calculated from 6,000 random points within each RTHA’s annual
home range (Smith 2004).
Because adult RTHAs limited their movements to areas close to the Río Abajo
Forest (i.e., PRPA release area), and the large movement of juvenile RTHAs (see Chapter
IV) could bias the habitat use analysis, I used only adult RTHAs (n = 5) to determine
habitat preferences within the moist limestone region. I used a Chi-square Goodness-ofFit to test for the null hypothesis that adult RTHAs utilize each habitat association in
proportion to their availability in the Río Abajo Forest region (Neu et al. 1974). I created
a Minimum Convex Polygon (MCP) encompassing the locations of adult radiomarked
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habitat associations within that polygon to conduct the analysis (Figure 5.1).
To meet assumptions, I used the 6 habitats types where RTHAs occurred at Río
Abajo Forest, and grouped habitat classes with < 5 expected observations (Neu et al.
1974). This analysis was appropriate to address habitat use preferences due to small
sample size of RTHAs and small number of habitat associations (Alldredge and Ratti
1986). I used Bonferroni confidence intervals from the z statistic table (Sheskin 2000) to
ascertain use of different habitat associations based on their availability (Neu et al. 1974,
Byers et al. 1984). Results of all tests were considered significant at P ≤ 0.05.

Perch site characterization
Habitat characteristics of perch sites were measured to identify which variables
best described adult RTHAs perches in the Río Abajo Forest region. Perch sites were
characterized at sites where RTHAs were located visually. Sub-adult RTHA 5935 was
used in this analysis. I collected site data within 0.04-ha (11.3 m radius) circular plots
centered on the perch (e.g., tree, light pole), following the technique of James and
Shugart (1970) as modified by Titus and Mosher (1981). I recorded habitat
measurements on 32 perch sites and 32 random sites using standard procedures (James
and Shugart 1970). The closest tree to the center of a random site was selected as the
center point (Hengstenberg 2003).
I measured 14 quantitative habitat variables within each perch and random site
(Table 5.2). I recorded altitude, aspect, percentage slope, and distance to the nearest rock
wall, opening, and water. Moreover, I measured perch tree height, diameter at breast
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understory of perch and random sites was recorded using a 2.0 m Nudds board (Nudds
1977). Nudds board measurements were taken from each cardinal direction at a distance
of 10 m from center point. All squares seen within each of the four height levels were
counted (Hengstenberg 2003). I averaged percentage visual obscurity for all cardinal
directions for each 0.5 m section. I used a spherical densitometer to collect 4 readings
from each cardinal direction at a distance of 5.0 m from the center point. I then
calculated an average to estimate percentage of overstory canopy cover.
I tested the structural habitat measurements data for normality using a
Kolmogorov-Smirnov Goodness-of-Fit test (Sheskin 2000). Because habitat variables
were not distributed normally (P = 0.01), I used a Kruskal-Wallis ANOVA to identify
variables that differed between perch and random sites (PROC NPAR1WAY, SAS
Institute 2002), and eliminated non-significant and correlated variables from further
analysis (Hosmer and Lemeshow 1989). A Pearson correlation statistic (PROC CORR,
SAS Institute 2002) was used to determine which habitat variables were correlated. I
used a binary response, multiple logistic regression analysis (PROC LOGISTIC, SAS
Institute 2002) to develop the variable selection models (Table 5.3). Perch DBH was not
included in the logistic regression because it was highly correlated with perch tree height.
Also, as some RTHA perches were utility poles, I considered this comparison to be
biologically irrelevant. Moreover, based on available literature, perch tree height
described a RTHA perching site better than DBH (Janes 1985). The SCORE option in
PROC LOGISTIC was used to generate a set of models incorporating significant habitat

-136variables (Table 5.3). Models were evaluated using Akaike Information Criteria (Akaike
1974), χ2 goodness-of-fit tests, and overall correct classification rates (Smith 2004).

Habitat suitability surface
I developed a habitat surface model based on locations of radiomarked RTHAs
(space-use approach) to reflect usability and suitability of RTHA habitat in north-central
Puerto Rico. My primary intention was to provide a suitability surface grid given the
data in my study that described which habitat characteristics of annual home ranges best
described habitats used by radiomarked RTHAs. I used the Animal Movement extension
(Hooge and Eichenlaub 1997) in ArcView 3.3 (ESRI 2002) to create utilization
distribution (UD) grids measuring intensity of space-use for each radiomarked RTHA
from locations obtained during the entire study period (Marzluff et al. 2001). Because
measures of landscape structure are usually influenced by the shape of the bounding
region (Smith 2004), I standardized the shape and area of used ranges by buffering the
greatest intensity of use of each UD by 850.0 m to produce a circular utilization range
equivalent to the median annual home range (224.9 ha) size of adult RTHAs in my study.
Although the median annual home range size of juvenile RTHAs was greater, I used the
median annual home range of adult RTHAs assuming it was a more stable measure that
included most suitable habitats.
I clipped the utilization ranges of radiomarked RTHAs (n = 11) to their respective
land cover grids to describe habitat characteristics within each utilization range. I then
converted each circular utilization range to a 30-meter cell size grid using the Spatial
Analyst extension in ArcView 3.3 (ESRI 2002). I then used the moving window process
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the study area land cover (McGarigal et al. 2002). The lower montane wet evergreen
forest was not included as a habitat class because it did not occur in the radiomarked
RTHA home ranges. Thus, I used of 8 habitat classes in the analysis. The value of the
habitat metric generated within this 850.0-m window was assigned to the center grid cell
within the window. This process was repeated for each cell within the land cover to
obtain a grid for each metric for each habitat association (Smith 2004).
I selected patch density (PD) and edge density (ED) as habitat metrics based on
review of literature and personal field experience (Santana et al. 1986, Janes 1985,
Preston 1990). Patch density is defined as number of patches of habitat association (i) for
every 100 ha of that habitat association in the landscape. Edge density refers to the
number of meters of edge habitat per hectare (McGarigal et al. 2002). Patch and edge
density metrics provide a measure of the degree of fragmentation in the landscape. I used
the patch density grids of lowland moist seasonal evergreen forest, moist seasonal
evergreen forest/shrub, open pasture/agricultural landscapes and urban/suburban and
development. I assumed high patch density in the landscape increased habitat suitability
for RTHAs. In contrast, I used edge density of moist seasonal evergreen forest, montane
evergreen forest, and montane evergreen regenerating forest, and assumed high edge
density of habitats not selected by RTHAs increased their suitability.
Because habitat metrics (patch and edge density) with different units were
selected, I standardized and ranked the values by calculating the mean and 5 standard
deviations for each habitat metric. The mean and first standard deviation (± 1SD) of each
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deviation (i.e., ± 2SD = 2, ± 3SD = 3, ± 4SD = 4). This process assumed every grid cell
in the land cover containing the metric mean ± 1SD represented the most suitable RTHA
habitat, whereas the mean ± 5SD was the least suitable habitat. After reclassification, I
used the Model Builder extension in ArcView 3.3 (ESRI 2002) to make an arithmetic
overlay of chosen habitat metric grids created by FRAGSTATS. An arithmetic overlay
creates an output grid theme from an equation that operates on theme values to calculate
the output that includes every habitat metric grid chosen for analysis. I then calculated
the values as percentages: 0 – 19%, 20 – 39%, 40 – 59%, 60 – 79% and 80 – 100%,
representing poor, low, moderate, suitable and optimum habitat for RTHAs, respectively.

Results

Habitat use
Open habitats constituted 27% of the annual home range of all radiomarked
RTHAs (Table 5.4). Of these, adult RTHAs used 22.5% of open habitats within their
annual home range, whereas juvenile RTHAs used 32.0%. In contrast, adults used 69.1%
of typical moist karst forest (i.e., MOIST_FOREST and MOIST_SHRUB), whereas
juveniles used 48.0% (Table 5.4). I used 686 telemetry locations from 11 radiomarked
RTHAs to determine habitat use at 2nd and 3rd orders of selection (Johnson 1980). A
random pattern (no selection) in habitat use was detected for radiomarked RTHAs in
north-central PuertoRico for second (F9, 2 = 4.59; P = 0.1916) and third (F9, 2 = 1.41; P =
0.4814) levels of selection.
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(i.e., PRPA release area) I believed it was important to assess habitat use in this region.
RTHAs used 6 habitat classes in the Río Abajo Forest region (Table 5.5). Adult RTHAs
exhibited disproportional use of habitat within the region of Río Abajo Forest and
surrounding lands (χ26 = 290.28; P < 0.001). I recorded 39% and 30% of adult RTHAs
locations within the moist seasonal evergreen forest and lowland moist seasonal
evergreen forest, respectively. These habitat associations represented 53% of the total
area used by adult RTHAs (Table 5.5). Red-tailed Hawks selected 3 of 6 available
habitat associations in the Río Abajo Forest region (Table 5.5). RTHAs selected lowland
moist seasonal evergreen forest, moist seasonal evergreen forest/shrub, and open
pastures/agricultural habitats. Conversely, they avoided moist seasonal evergreen forest,
montane evergreen forest, and montane evergreen regenerating forest.

Perch site characterization
I remotely located radiomarked RTHAs perched 59.4% (n = 575) of the time, and
visually 35.6% (n = 205) of the time. Red-tailed Hawks used 38 perch sites during my
study at an average height of 22.6 m (SE = 1.82; 4.0 – 32.0 m). The most common perch
sites were snags (11.4%), Shefflera morototoni (10.9%), Cecropia schreberiana (9.4%)
and Spathodea campanulata (9.4%). Of 14 perch site variables measured, only 3 differed
between perch and random sites (Table 5.2). Height (χ2 = 12.96; P ≤ 0.001), DBH (χ2 =
12.57; P ≤ 0.001) and percentage slope (χ2 = 5.18; P = 0.023) were greater in perch sites
than random sites. Perch height was correlated positively with DBH (r = 0.55; P <
0.001). Perch height of sub-adult and adult RTHAs averaged 12.7 m, DBH averaged

-14042.5 cm, and slope averaged 88.2º. In contrast, center tree of random sites averaged 8.8
m in height, DBH of 26.7 and slope of 62.7º.
I developed 3 variable selection models to determine which variable best
described RTHAs perch sites (Table 5.3). The best model contained perch height
(parameter = 0.0103, SE = 0.007, χ21 = 2.44; P = 0.1177) and percentage slope
(parameter = 0.2534, SE = 0.085, χ21 = 8.89; P = 0.003). The second best model
included perch height (parameter = 0.2745, SE = 0.085, χ21 = 10.47; P = 0.001), and the
third best model included percentage slope (parameter = 0.0126, SE = 0.006, χ21 = 4.49;
P = 0.0341). Both variables used in the analysis (perch height and percentage slope)
correctly classified RTHA perch sites 71.4% of the time (AICc = 76.70, ∆i = 0.00).
However, when compared separately, perch height described a RTHA perch site better
(AICc = 76.97, ∆i = 0.27, 58.7%) than percentage slope (AICc = 88.01, ∆i = 12.74,
50.0%). While not significant, radiomarked RTHAs were located perched on average
16.2 m from open areas with a well-developed understory (73.5% visual obscurity).

Habitat suitability surface
I used the patch and edge density metrics to create a habitat suitability surface for
RTHAs in north-central Puerto Rico (Figure 5.2). Optimum RTHA habitat was
characterized by high patch density of lowland moist seasonal evergreen forest, moist
seasonal evergreen forest/shrub, open pasture/agriculture, and urban habitat (Table 5.6).
Habitat associations with lower patch density were characterized by high edge density.
Optimum habitat for RTHAs in my study area included a mean patch density of 5.10 ±
3.32 patches/100 ha (range 1.78 – 8.42 patches/100 ha) of moist seasonal evergreen

-141forest/shrub, 2.32 ± 1.55 patches/100ha (range 0.77 – 3.87 patches/100ha) of lowland
moist seasonal evergreen forest, 5.33 ± 4.00 patches/100 ha (range 1.33 – 9.33
patches/100 ha) of open pasture/agricultural landscapes, and 3.71 ± 3.45 patches/100 ha
(range 0.26 – 7.16 patches/100 ha) of urban habitat. Furthermore, optimum RTHA
habitat included mean edge density of 48.62 ± 24.26 m/ha (range 24.36 – 72.88 m/ha) of
moist seasonal evergreen forest, 33.37 ± 25.09 m/ha (range 8.28 – 58.46 m/ha) of
montane evergreen regenerating forest, and 32.57 ± 26.72 m/ha (range 5.85 – 59.29
m/ha) of montane evergreen forest (Table 5.6).

Discussion
My results on habitat selection indicated radiomarked RTHAs did not exhibit
preference for any particular habitat at the study area or home range levels. However,
results could have been influenced by small sample size and large movements of juvenile
RTHAs during my study. Preston (1990) reported RTHAs like other large and highly
mobile raptors, move quickly through their environment and inhabit heterogeneous
habitats. The ability of juvenile RTHAs to move and disperse large distances across the
island of Puerto Rico could have influenced the habitat selection analysis. Therefore,
because only 5 adult RTHAs were available, it was inappropriate to analyze habitat
selection patterns for age classes separately.
However, the documented habitat use patterns agree with previous findings in
North America and Puerto Rico; that is, RTHAs are generalists and occupy
heterogeneous habitats. In Puerto Rico they have been documented nesting and foraging
in all 6 ecological zones of the island (Santana and Temple 1988). Recently, Nimitz
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and were associated with roadside habitats. RTHAs nested at CNF in 6 of 11 habitat
classifications, suggesting RTHAs in this area did not strongly prefer any specific habitat
(Nimitz 2005). Moreover, the preference for roadside habitats reported by Nimitz (2005)
could be a function of conducting telemetry from roads where RTHAs usually perched to
facilitated resource acquisition.
Although my results indicated radiomarked RTHAs did not select a particular
habitat, adult RTHAs did limit their movements to areas surrounding the Río Abajo
Forest, an area characterized by limestone forest habitat associations (Table 5.5).
Approximately, 69.0% of the adult RTHAs annual home range included habitat
associations typical of the limestone region of north-central Puerto Rico (Table 5.4).
When comparing habitats used by adult RTHAs in this region, 3 habitat associations were
used more than expected (LOWLAND_MOIST, MOIST_SHRUB, and OPEN_AGRI)
and 3 avoided (MOIST_FOREST, MONT_FOREST, and MONT_REGEN). These
habitat associations comprised 42.0% of the adult RTHAs annual home range. Habitat
associations preferred by adult RTHAs may offer a greater abundance of prey, perch and
nesting sites. Janes (1985) reported raptor foraging and habitat selection can be highly
influenced by prey abundance. My results on home range size suggest habitats favored
by RTHAs may represent areas of greater prey abundance and increased availability
(Peery 2000). Furthermore, habitat associations used by adult RTHAs in my study were
structurally similar to suitable RTHA habitat in North America. These included open
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1993, Janes 1985).
Although prey availability plays an important role in raptor habitat selection,
other factors may influence foraging choices. Foraging sites may be selected based on
factors related to prey availability or energy efficiency (Hoover and Morrison 2005).
Some variables affecting habitat selection by raptors include vegetative ground cover,
weather conditions, tree density, and perch availability (Janes 1985). Habitat associations
avoided by adult RTHAs were characterized by large tracts of closed canopy mature
forest. Several studies (Gates 1972, Howell et al. 1978, Petersen 1979) documented
RTHAs selected open areas and woodlands with high edge density, rather than larger
woodlands and closed canopy interior forests. Berry et al. (1998) suggested RTHAs in
New Jersey were more common in urban areas because these contained mixtures of
wooded and open landscapes. Habitat associations selected in the region of Río Abajo
Forest were characterized by landscape fragmentation and high density of open areas
with few trees. This landscape arrangement provides abundant perch sites for RTHAs
close to edges and residential areas.
Based on the habitat suitability model, the use of avoided habitats increased as
edge density increased (Table 5.6, Figure 5.2). Metrics in the habitat suitability grid
indicated RTHAs were more likely to select areas with high patch and edge density, and
to avoid large patches of dense and closed canopy forest. This suggested RTHAs in my
study area preferred a landscape with a high number of small patches. Therefore, high
patch and high edge density suggests RTHAs in this area preferred areas with a high
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1985, Santana et al. 1986, Nimitz 2005) in North America and Puerto Rico.
Red-tailed Hawk perches in my study area average 22.6 m in height. RTHAs are
primarily perch hunters, and scan for prey from tall perches (Janes 1985). Three
variables differed between perch and random sites; perch height, perch DBH, and
percentage slope. Elevated perching sites on stepper slopes suggest RTHAs preferred a
panoramic view of the area to improve hunting success and facilitate territory defense
(Titus and Mosher 1981, Janes 1985, Santana and Temple 1988, Nimitz 2005). Terrain
characteristics such as slope incline and slope elevations may increase prey vulnerability
to foraging RTHAs (Hoover and Morrison 2005).
Other perch site variables, while not significant, may be important descriptors of
RTHA foraging patterns in the moist limestone forest region of Puerto Rico. Adult
RTHAs perched 16.2 m from openings with an understory visual obscurity of 73.5%.
Dense understories may provide good prey availability for adult RTHAs. Moreover,
proximity to openings may increase prey visibility. Close proximity to edge also may
reflect the relative lack of large tracts of forest in areas preferred by adult RTHAs. My
results coincide with characteristics of RTHA perch and nest sites in North America and
Puerto Rico (Petersen 1979, Titus and Mosher 1981, Janes 1985, Santana et al. 1986,
Moorman 1995). In north-central Puerto Rico adult RTHAs foraged and nested in areas
close to openings and edges characterized by tall trees, well-developed understories,
greater canopy height, and steeper slopes.
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Lower montane wet evergreen forest-tall cloud forest
Lowland moist seasonal evergreen forest,
lowland moist seasonal evergreen forest/shrub
Lowland moist seasonal evergreen and semi-deciduous forest
Lowland moist seasonal evergreen and semi-deciduous forest/shrub
Submontane wet evergreen forest
Submontane and lower montane wet evergreen forest/shrub
Active coffee, montane forest/shrub,
Agricultural hay, Pasture
Urban and barren
Water

Lower montane wet evergreen forest

*Lowland moist seasonal evergreen forest

*Moist seasonal evergreen forest

*Moist seasonal evergreen forest/shrub

*Montane evergreen forest

*Montane evergreen regenerating forest

*Open pasture/Agricultural landscapes

Urban, suburban and development
Water

* Habitat associations used in the χ Goodness-of-Fit habitat use analysis.

2

Woody vegetation formations
(Helmer et al. 2002)

Modified habitat associations
(Present study)

Table 5.1. Modified habitat associations used to classify vegetation in north-central Puerto Rico during 2003 and 2004,
and original woody vegetation associations classified by Helmer et al. (2002).

-149-

153.6 (18.6; 9.0 - 359.0)
88.2 (7.7; 10.0 - 150.0)
87.1 (42.5; 3.0 - 700.0)
28.8 (8.1; 0.5 - 60.0)
16.2 (2.8; 0.5 - 75.0)
12.7 (0.7; 6.5 - 25.0)
42.5 (3.4; 12.2 - 100.0)
9.8 (0.9; 3.0 - 18.0)
62.7 (4.4; 11.4 - 97.8)
73.5 (4.0; 14.9 - 99.9)
55.2 (4.5; 4.2 - 99.9)
49.4 (4.6; 0 – 96.6)
47.2 (4.7; 0 – 98.2)

Slope (%)

Distance to water (m)

Distance to cliff wall (m)

Distance to opening (m)

Perch tree height (m)

Perch tree DBH (cm)

Canopy height (m)

Canopy cover (%)

Nudds 0.5 (%)

Nudds 1.0 (%)

Nudds 1.5 (%)

Nudds 2.0 (%)

178.5 (11.4; 55.2 - 314.6)

Altitude (m)

Aspect

Perch site

Habitat characteristics

48.6 (4.8; 0 – 92.4)

48.9 (5.1; 0 – 98.2)

54.5 (5.3; 0 - 99.9)

68.7 (4.6; 13.3 - 99.9)

60.7 (5.7; 0 - 96.7)

8.7 (0.9; 3.0 - 18.0)

26.7 (3.2; 2.9 - 75.9)

8.8 (0.6; 3.5 - 18.0)

13.5 (1.6; 1.0 - 37.0)

25.8 (11.3; 4.0 - 53.0)

87.6 (47.8; 0.5 - 725.0)

62.7 (7.8; 5.0 - 150.0)

151.4 (16.1; 22.0 - 349.0)

180.2 (11.0; 65.7 - 298.4)

Random site

Table 5.2. Habitat characteristics (mean, standard error, and range) measured within 0.04 ha circular plots of Red-tailed Hawk
perch sites (n = 32) and random sites (n = 32) during 2003 and 2004 in the moist karst region of north-central Puerto
Rico.
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K

2

1

1

Variable selection

Slope + Tree height

Tree height

Slope

88.01

76.97

76.70

AICc

12.74

0.27

0.00

∆i

5.17

12.75

15.02

χ2

%

71.4

58.7

50.0

P-value

≤ 0.001

≤ 0.001

≤ 0.029

Table 5.3.Variable selection of significant parameters (k), relative AICc, Delta AIC (∆i), χ2 Goodness-of-Fit statistic, P-value, and
percent correct classification of Red-tailed Hawk perch sites in the moist karst region of north-central Puerto Rico during
2003-2004.

-151-

Proportion of habitats within
95% annual home range
(Adult RTHAs)
0.0
0.182
0.509
0.060
0.018
0.050
0.160
0.022
0.043

Habitat association

Lower montane wet evergreen
forest

Lowland moist seasonal
evergreen forest

Moist seasonal evergreen
forest

Moist seasonal evergreen
forest/shrub

Montane evergreen forest

Montane evergreen
regenerating forest

Open pasture/Agricultural
landscapes

Urban, suburban and
development

Water

0.016

0.051

0.253

0.144

0.220

0.028

0.154

0.115

0.018

Proportion of habitats within
95% annual home range
(Juvenile RTHAs)

0.029

0.036

0.206

0.075

0.119

0.044

0.332

0.148

0.090

Proportion of habitats within 95%
annual home range
(Radio-marked RTHAs)

Table 5.4. Proportion of habitat associations used by radiomarked Red-tailed Hawks (RTHA; 5 adults and 5 juveniles) within
annual home range in north-central Puerto Rico during 2003-2004. RTHA 5935 (AHY) and 5583 (HY) were not used
in the analysis.
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816.1

4412.5

305.0

1119.6

1122.5

1010.0
8785.8

LOWLAND_MOISTa

MOIST_FORESTb

MOIST_SHRUBc

MONT_FORESTd

MONT_REGENe

OPEN_AGRIf

Total

1.0000

0.1150

0.1278

0.1274

0.0347

0.5022

0.0929

Proportion
available to
RTHAs

340

65

1

6

32

134

102

Observed No.
of RTHAs

340

39

43

43

12

171

32

Expected No.
of RTHAs

1.000

0.191*

0.003*

0.018*

0.094*

0.394*

0.300*

Proportion of
use

1.000

0.115

0.128

0.127

0.035

0.502

0.093

Expected
Proportion of
use

0.148 – 0.232 (+)

0.003 – 0.009 (-)

0.004 – 0.032 (-)

0.063 – 0.125 (+)

0.340 – 0.444 (-)

0.250 – 0.346 (+)

Use interval

(α = 0.05). aLowland moist seasonal evergreen forest, bMoist seasonal evergreen forest, cMoist seasonal evergreen forest/shrub, dMontane
evergreen forest, eMontane evergreen regenerating forest, fOpen pasture/Agricultural landscapes. (+) = habitat used more than expected,
(-) = habitat used less than expected (Byers et al. 1984).

* Use of habitat associations within adult RTHAs annual Minimum Convex Polygon (MCP) was significantly different from available

Availability
(ha)

Habitat association

Table 5.5. Analysis of habitat use and selection for 5 adult Red-tailed Hawks in the Río Abajo Forest region, Puerto Rico during
2003-2004.
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2.32 ± 1.55
5.10 ± 3.32
5.33 ± 4.00
3.71 ± 3.45

48.62 ± 24.26
32.57 ± 26.72
33.37 ± 25.09

LOWLAND_MOISTa

MOIST_SHRUBb

OPEN_AGRIc

URBANd

MOIST_FORESTe

MONT_FORESTf

MONT_REGENg
8.28 – 58.46

5.85 – 59.29

24.36 – 72.88

0.26 – 7.16

1.33 – 9.33

1.78 – 8.42

0.77 – 3.87

Optimum habitat
< 0.00
5.42 – 6.97
< 0.00
11.74 – 15.06
< 0.00
13.33 – 17.33
< 0.00
10.61 – 14.06

0.00 – 0.77
3.87 – 5.42
0.00 – 1.78
8.42 – 11.74
0.00 – 1.33
9.33 – 13.33
0.00 – 0.26
7.16 – 10.61

0.00 – 0.10
97.14 – 121.40
< 0.00
86.01 – 112.73
< 0.00
83.55 – 108.64

0.10 – 24.36
72.88 – 97.14
0.00 – 5.85
59.29 – 86.01
0.00 – 8.28
58.46 – 83.55

Edge density (m/ha)

Moderate habitat

Suitable habitat

108.64 – 133.73

112.73 – 139.45

< 0.00
121.40 – 145.66

14.06 – 17.51

17.33 – 21.33

15.06 – 18.28

6.97 – 8.52

Low habitat

>133.73

>139.45

> 145.66

> 17.51

> 21.33

> 18.28

> 8.52

Poor habitat

Lowland moist seasonal evergreen forest, bMoist seasonal evergreen forest/shrub, cOpen pasture/Agricultural landscapes, dUrban,
suburban and development, eMoist seasonal evergreen forest, fMontane evergreen forest, gMontane evergreen regenerating forest.

a

Mean ± SD

Habitat association

Patch density (patches/100ha)

Table 5.6. Mean, standard deviation and ranges of habitat structure metrics (patch density and edge density) used to develop a
habitat suitability surface for Red-tailed Hawks in the moist karst region of north-central Puerto Rico.
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8

12

Water
16
Kilometers

.

Urban, suburban and development

Open pasture/Agricultural landscapes

Montane evergreen regenerating forest

Figure 5.1. Minimum Convex Polygon (MCP) of adult radio-marked Red-tailed Hawks in the moist limestone region
of north-central Puerto Rico.
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Montane evergreen forest

Lowland moist seasonal evergreen forest

2

Moist seasonal evergreen forest/shrub
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0

Moist seasonal evergreen forest
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-155-

Río Abajo Forest boundaries

Optimum

Suitable

Moderate

Low

Poor

0

5

10

20 Kilometers

.

Figure 5.2. Quality and spatial distribution of Red-tailed Hawk habitat in north-central Puerto Rico during 2003 – 2004.

Value

Habitat suitability surface
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CHAPTER VI
SUMMARY OF RESULTS AND MANAGEMENT
RECOMMENDATIONS

Summary of Results
The density, season-specific abundance, movements, home ranges, habitat use
and survival of Red-tailed Hawks (RTHA) were studied in the moist limestone forests of
Puerto Rico proposed for reintroduction of the Puerto Rican Parrot (PRPA). I conducted
13 monthly sampling surveys in Río Abajo Forest and 6 surveys in the Cordillera Central
regions of north-central Puerto Rico. I documented a high density of RTHAs using the
Río Abajo Forest region (0.00919 RTHAs/ha) and the Cordillera Central (0.01152
RTHAs/ha) of the north-central region of the island. RTHA density (0.90 RTHAs/km2)
in the proposed parrot reintroduction area was similar to previously reported estimates for
the Caribbean National Forest (Nimitz 2005). A high breeding density (0.38 RTHA
pairs/km2) also was estimated in this region, with 20 different RTHAs territories mapped.
RTHAs appear to maintain compressed territories in the northwestern and southeastern
sections of Río Abajo Forest, where 14 of the 20 observed pair territories occurred.
Abundance estimates in the Río Abajo Forest region did not differ by season (breeding
and non-breeding). I calculated an abundance of 46 and 50 individuals during the
breeding and non-breeding season, respectively. Moreover, I estimated an abundance of
-157-

-15856.2 individuals of Broad-winged Hawk (BWHA) in Río Abajo Forest and located 13
territories beyond the forest reserve boundaries. I captured 19 RTHAs in Río Abajo
Forest and surrounding areas during 2003-2004. I radiomarked 14 RTHAs and used 11 19 in the analyses. I was more successful trapping RTHAs with bow-net traps (74%; 14
of 19) than with bal-chatri (26%; 5 of 19) or dho-gaza traps. Most hawks were captured
between 0900 and 1200 in open fields compared to timber plantations or areas of mixed
forest. I documented high annual survival (0.89) for radiomarked RTHAs in the PRPA
proposed release area. Adults had greater annual survival (0.87) compared to juveniles
(0.82) in this region. Hawks were located perched 59.4% of the time, thermal soaring
11.1% and flapping 24.6%. Birds were located flying (thermal soaring and flapping)
more often during the pre-breeding and early breeding seasons. Red-tailed Hawks
perched in 35 different tree species. Tree species most commonly used as perches
included: Shefflera morototoni (10.9%), Cecropia schreberiana (9.4%) and Spathodea
campanulata (9.4%). Adult RTHAs selected perch sites based on tree height and slope.
Red-tailed Hawks perched in tall trees (mean = 12.7 m) located in steep slopes (mean =
88.2º) with dense understories (mean = 73.5%), and close to openings (mean = 16.2 m).
I documented a mean home range of 6274.7 ha, a core area of 978.5 ha, and
weekly movements of 2844.4 m for radiomarked RTHAs in the moist limestone region.
Home range (11995.7 ha) and core area (1888.3 ha) of juvenile (n = 6) RTHAs were 97%
greater than for adults. Moreover, mean weekly estimates (4805.8 m), maximum
distance moved from trapping sites (28858.6 m) and breeding season centroids (26760.8
m) of juveniles were also greater than estimates of adult RTHAs. Adults RTHAs (n = 5)

-159maintained and defended territories year round, and exhibited a home range of 254.8 ha,
core area of 45.7 ha, and an annual MWM of 800.2 m. Interestingly, annual home range
of RTHAs in the region proposed for parrot reintroduction were 91% smaller than
estimates reported for the Caribbean National Forest, yet similar to those in North
America.
Movements of juveniles increased most often during the pre-breeding and earlybreeding seasons, whereas adults increased their movements during the early and postbreeding seasons. RTHAs in the moist limestone region demonstrated the ability to move
large distances and the potential to exploit new territories. I documented a high degree of
home range overlap between juveniles and adults. Overlap of adult home ranges was
limited to the outer boundaries during the breeding and non-breeding season (Figure
4.26). However, because during the non-breeding season adults are more tolerant of
conspecifics, core areas may overlap (Figure 4.27). Adult and juvenile RTHAs were
located an average minimum distance of 4.8 km and 3.3 km from the proposed parrot
release site, and an average minimum distance of 576.8 m from the Río Abajo Forest
boundaries.
Approximately 98.3% of RTHA locations occurred outside the Río Abajo Forest
boundaries (Figure 4.17). Furthermore, about 27% of the habitats within RTHAs annual
home ranges were characterized by open landscapes habitats. Juveniles used more open
habitats within their home ranges than adults. Moreover, a high patch density of lowland
moist seasonal evergreen forest, moist seasonal evergreen forest/shrub, open
pasture/agricultural landscapes, and urban development characterized RTHA home

-160ranges. RTHAs avoided large tracts of dense forest and preferred fragmented habitats
with high number of patches and high edge density. RTHAs in north-central PuertoRico
exhibited random pattern (no selection) of habitat use at Johnson’s (1980) second and
third order selection. Conversely, habitat use differed for adults in the proposed parrot
release area. RTHAs selected lowland moist seasonal evergreen forest, moist seasonal
evergreen forest/shrub, and open pasture/agricultural landscapes. In contrast, RTHAs
avoided moist seasonal evergreen forest, montane evergreen forest, and montane
evergreen regenerating forest.

Future Research
My results indicated the documented distribution, high density, high survival, and
high degree of spatial overlap, wide ranging tendencies, large home ranges, and high
territory compression of RTHAs may have negative impacts for a small population of
parrots following release. Furthermore, as other studies (Henstenberg and Vilella 2004)
have suggested the resident BWHA population of Río Abajo Forest may indirectly
benefit released parrots by excluding RTHAs and because I documented RTHAs and
BWHAS have different habitat and food requirements in this region, the need for longterm population research and monitoring of these raptor species in the moist karst region
may be a critical element to the successful reintroduction of PRPAs. Population
assessment of RTHAs and BWHAs as well as their geographic distribution should be
extended to other areas across the moist karst region of north-central Puerto Rico in order
to identify potential nesting or release areas for PRPAs. These monitoring efforts should
focus on identification of new RTHA and BWHA territories, as well as verify those
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the following guidelines for RTHA and BWHA surveys.
Surveys should be conducted periodically during the breeding season; beginning 1
December and ending 15 July to measure populations once young of the year are added,
or for identifying RTHA and BWHA breeding territories. However, because of the
dispersal ability of juveniles and season-specific abundance of RTHAs in this region,
surveys also should be conducted during the early breeding season (December –
February) to better estimate the resident population of this area before young of the year
are added, when RTHAs are more active in aerial courtships, and when non-resident
juveniles move out of breeding territories. Surveys for both species should be conducted
using fixed observation points from limestone hill tops. Limestone hill tops should be
used because these provide a panoramic view of the survey area, as well as allowing the
implementation of a random sampling design. Detections of raptors from hill tops are
readily obtained and this provides the opportunity to survey every habitat type rather than
edge habitats associated with roads. During my study I established a network of 20
observations stations in Río Abajo Forest and surrounding areas. This survey network
provides an adequate coverage of this region while minimizing double counting (Figure
6.1). If personnel limitations exist, I recommend randomly selecting an appropriate
number of stations from this network for use during every survey period. Additionally, I
suggest excluding stations with few observations and limit sampling to stations that
maximize detections. Nevertheless, excluded stations could be periodically surveyed
(e.g., sample during every other survey).
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rugged topography and dense forest of this area can hinder raptor detections, as well as
due to the inherent biases associated with roadside habitats and the non-random location
of roads (Rosenstock et al. 2002). Roadside surveys allow only valid inference to the
species of interest within the selected area (roadside habitat) during the selected time
interval (Thompson et al. 1998). The sharp habitat edge or discontinuity created by roads
and their non-random placement in the landscape provide an incomplete or
misrepresentative sample of habitats in an area, and the corresponding bird community
(Keller and Scallan 1999, Rotenberry and Knick 1995). Thompson et al. (1998) reported
attempting to generalize over a heterogeneous environment can lead to incorrect
inferences; therefore unreliable management practices could be erroneously
implemented.
Surveys should be conducted during mornings of clear to mostly sunny days from
0900 – 1100. These survey time periods are most ideal for detecting both Buteo species.
If the purpose of surveys is the detection of active BWHA and RTHA nesting territories,
I recommend use of a loud playback recording of RTHA and BWHA vocalizations from
the observation station and along trails. To use distance sampling methods and minimize
double counting, I recommend conducting BWHAs surveys from 0915 – 1030 and
RTHAs surveys from 0930 – 1045. Moreover, to maintain consistency between
observers and because estimated distances tend to be rounded to favored values
(heaping), I recommend classifying raptor distances into discrete distance intervals
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should be trained to identify these intervals in the field before conducting surveys.
Reintroduction efforts scheduled for the Río Abajo Forest mean parrots will be
released in unoccupied habitat with surrounding areas harboring a high density of
RTHAs. To assess future interactions between released parrots and RTHAs, biologists
should continue trapping and color banding RTHAs in areas close to the Río Abajo
Forest. Modeling will be required to elucidate the nature of RTHA-PRPA spatial
interactions. Improving estimates of spatial correlation is necessary to better understand
the role of RTHAs as a possible limiting factor to parrot reintroduction. Therefore,
simultaneous tracking of radiomarked released parrots and RTHAs will provide the
opportunity to document dynamic interactions. Due to the dispersal ability and large
movements of juvenile RTHAs across the island, it may not be practical to radiomark
juveniles. Therefore, juvenile RTHAs should be color-banded but not radiomarked.
Resighting marked RTHA individuals will provide important future information on the
resident raptor population of Río Abajo Forest and surrounding lands.
Trapping RTHAs should start late in the non-breeding season (late November or
early December) to obtain a sufficient sample of AHY and ASY individuals. RTHAs
should be trapped using bow-net traps in open fields surrounding the forest or on hill tops
with a panoramic view of the area. Moreover, bal-chatri traps could be used within
known territories, in areas close to nests, or locations identified in my study as traditional
RTHA perches or hunting spots. A fixed number of trapping sites in the periphery of Rio
Abajo Forest should be established in a manner that provides the greatest coverage of the
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during my study (Figure 3.6), as these are closest to the parrot release area.
The distribution of RTHAs and BWHAs in the moist karst forest landscape could
be highly influenced by prey availability and prey abundance in this area. However, little
information exists to date on prey preference and foraging ecology of both Buteo species.
To better predict raptor foraging distribution in this area, models should include factors
that influence prey availability such as vegetation cover, in addition to prey abundance.
Research should be initiated to quantify prey abundance and availability in the moist
karst region, and identify the relationships between prey and raptor distribution.
Moreover, the relationship of prey populations and spatial ecology (i.e., small home
ranges and high territory compression) of RTHAs in this region should be examined.
This information could be used to develop raptor habitat models with greater
predictability, as well as better understand other factors influencing distribution. If
RTHA distribution is more related to vegetation cover or the high concentration of open
and disturbed landscapes, management practices are required to recover forest cover in
these areas, as well as considering the immediate acquisition of adjacent undisturbed
forested areas.
Privately owned sites where active BWHA nesting territories were identified
during this study (Figure 3.7) should be considered priority areas for conservation
easements or acquisition. Furthermore, I recommend sustainable land use practices and
forest restoration programs should be promoted in open landscapes surrounding the Rio
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and nest survival of RTHAs and BWHAs should be studied further in this region.
Finally, modeling RTHA population dynamics should be conducted to increase
our knowledge on the species and help base management decisions on the best and most
reliable information available. Using the demographic information (i.e., population
estimates, survival) developed by this study and additional information available in the
literature (Newton 1979, Santana and Temple 1988, Klavitter et al. 2003) a population
model could be constructed to estimate RTHA rate of increase (r), carrying capacity (K),
and maximum sustainable yield (MSY) for the Río Abajo Forest region. Calculating
these parameters would allow estimating the number of RTHAs that must be removed
annually to maintain the population below MSY. This would provide managers with
reliable knowledge (Romesburg 1981) regarding how many RTHAs should be removed
per year, and at what time of the year would this removal have the greatest benefit in
reducing predation pressure on the parrots.

Management Recommendations
Several studies have identified predation by RTHA as a major mortality factor for
wild juveniles and released parrots at CNF (Snyder et al. 1987, White et al. 2000, White
et al. 2005). Therefore, my results have important implications for the success of parrot
reintroduction efforts in the moist limestone forest region. Of primary importance is the
fact that contrary to previously reported information (Rivera-Milán 1995, Collazo and
Groom 2000); the Río Abajo Forest and adjacent lands have similar RTHA densities to
CNF. Moreover, the 20 RTHA territories in the periphery of Río Abajo Forest and their
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individual parrot depredation risk, as post-released individuals venture beyond the
boundaries of the reserve.
Additionally, as suggested by other studies (Hengstenberg 2003), the BWHA
population of Río Abajo Forest may represent a benefit for released parrots. The
documented RTHA spatial distribution in this region was related inversely to the
distribution of BWHAs. Moreover, during my study RTHAs avoided large tracts of
dense forest and preferred fragmented habitats, whereas BWHAs preferred dense and
mature forest habitats. Hengstenberg and Vilella (2005) reported negative interactions
exist between BWHAs and RTHAs in Río Abajo Forest. Moreover, there has never been
a report of BWHAs attacking or feeding on parrots at CNF (Snyder et al. 1987). Prey
deliveries by adult BWHAs to nests in Río Abajo consisted primarily of lizards and
macroinvertebrates (Hengstenberg and Vilella 2005). Areas outside Río Abajo Forest
identified during my study as BWHA territories may represent potential parrots nesting
areas or alternative release sites. These territories are all located in privately owned lands
and support the suggestion that immediate cooperative efforts should be made to protect
areas beyond the reserve boundaries (Hengstenberg and Vilella 2005).
The high and constant survival of juvenile and adult RTHAs may reduce the
quality of the reintroduction area and negatively affect the dispersal and establishment of
parrots after release. Therefore, a RTHA control program may be necessary. However,
this program may be ineffective due to the documented high densities, high degree of
spatial overlap, and wide ranging tendencies of radiomarked RTHAs in this region. The

-167decision to remove RTHAs should be supported by evidence based on distribution,
spatial correlation between the two species, and the direct effect of this hawk on the
parrots. Therefore, any RTHA removal efforts must be visualized as localized rather than
at random.
A juvenile RTHA relocation program may help alleviate predation pressure on
released parrots. Wernaart et al. (1999) reported only 4% of all RTHAs trapped and
relocated in Ontario returned to the study area and of these, less than 2% returned within
90 days. I documented 3 juvenile RTHAs located on average a maximum of 30km from
their trapping sites that never returned to the moist limestone forest region during the
study period. However, in Puerto Rico this option may be unrealistic due to the small
size of the island and the wide-ranging tendencies of juvenile RTHAs. However,
relocating juvenile RTHAs more than 50 km from the trapping site should be considered
as an alternative method to temporarily control the population and, perhaps, alleviate
pressure on the parrots at least for the first 3-4 months post-release. This juvenile RTHA
relocation program should be conducted during the post-breeding and pre-breeding
seasons (June - November) following the post fledging dependency period when
juveniles begin dispersing out of their parent’s territories.
White et al. (2005) reported most parrot mortalities at CNF took place 9 – 17
weeks postrelease between August and October. Most (21%) documented mortalities of
released parrots during these months were due to RTHA predation. In my study area,
these months represent the time of the year when juvenile RTHAs increased their
movements, improved their hunting techniques, and moved from parental territories.
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during these months. I recommend evaluating the returning rate of juvenile RTHAs
following relocation, and the effects of these relocations or adult removals on the
ecosystem before a control program is considered in areas close to Río Abajo Forest.
Moreover, these hawks could easily be donated to educators, falconers, and/or zoos
(Thorstrom 1996, Nimitz 2005). Any RTHA removal or control program must be
accompanied by research to determine the possible effect this removal may have on the
RTHA and parrot populations as well as on other species (e.g., BWHAs, rats, pigeons) in
this region. This research should first be conducted in other areas of the moist karst
region, but far from the release area.
To better understand mortalities of released parrots, information on behavior,
movements, habitat use, and spatial interactions is necessary. Research is needed to
characterize micro and macro nesting habitat, and perch sites of radiomarked parrots in
this region. This information will be necessary to create habitat suitability models that
could be applied to other areas in moist limestone forest region. I suggest parrot releases
should be made close to the beginning of the RTHA and BWHA breeding season (late
December – early January). Hengstenberg and Vilella (2005) reported BWHAs
successfully displaced RTHAs when they entered an occupied territory, and aggressive
behavior increased during the breeding season.
The documented RTHA abundance during the proposed parrot release period
corresponds to the resident (adult and juvenile) population of the Río Abajo Forest
region. Moreover, I documented juvenile movements and abundance of RTHAs

-169increased most during the pre-breeding period (Figure 4.20). Accordingly, releasing
parrots between September-November may increase the probability of encounters with
RTHAs. Moreover, these encounters would occur at a time of the year when juvenile
RTHAs start dispersing from their nesting territories and adult RTHAs become sedentary
and tolerant of conspecifics, foraging in the same area often without any interspecific
interaction. Assuming released parrots will benefit from aggressive BWHA behavior
towards RTHAs, releases during this period (late December – early January) would be
favorable to reduce encounters with RTHAs. Moreover, during this period releases
would occur outside the main peak of the hurricane season, yet coincide with the peak of
fruit availability. Collazo et al. (2000) reported timing of release should coincide with
the peak in fruit availability, to increase survival of released parrots.
Additionally, the ability and desire to design and conduct a well structured
environmental education research program in the proximity of the release area is critical
to increase the support from the local community and ensure a successful reintroduction.
Future environmental education programs should be conducted gradually in communities
along the moist limestone region of north-central Puerto Rico in anticipation of future
reintroductions in these areas. This environmental program has to be based on empirical
data and will provide the information and reasons why it is important to protect and
conserve the parrots as well as the limestone forest region of Puerto Rico. Ultimately, the
successful restoration of the parrot rests on the ability of forest managers, law
enforcement personnel and reintroduction program biologists to correctly interpret results

-170obtained from this research, to use them to avoid committing past errors, and to anticipate
the future problems parrots could face in the moist limestone region of Puerto Rico.
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